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(57) Vmi] (57)[ABSTRACT of the Disclosure] 



[Ufa] [PURPOSE] 

: y -v y$&it)jyiv~) In the projection aligner of a slit scan exposure 
jS^M)t^tS:i-^i^C s system, the exposure surface of a 

^R<DM%^^^kfi s jt^%o^\^\ photosensitive base plate is adjusted with high 
\^\LXM\^^\'^{\io^:\^i\\, precision to the image surface of a projection 

optical system. 



[CONSTITUTION] 

* ] ) y Vik&yM%*7 4 — K In exposing by scanning a wafer to a Y-direction 

2 4 LX ty-f Y Jj\h\[z. to the slit exposure field 24, it performs leveling 

Al'ift L Xi&yt&tr v of a wafer, and the control of a focusing from the 

ik^c/hl^l^M LX^mwUfe 2 £ij information on the focal position obtained by 

2 5 Brtcoii vy/U/XA F 2 1 sample point AF21-AF29 in front (to scanning 

~ A F 2 9 Jtk'(Fs$yt7 4 "/^ K direction) 2nd row 25B, and sample point 

2 4 ^(D-y-^y/Wft A F 3 2 ~ AF32-AF38 in the exposure field 24. 

A F 3 8 Xt\ t>iit~y y- Moreover, in exposing by scanning a wafer to - 

fifficOfH^i/^b ^r^co y Y-direction, it performs leveling of a wafer, and 

yJfTkX$'7-A- — iJ i/ y V o:)MW the control of a focusing from the information on 

*rtT9 0 '&tz s ^ ~ v -' N *r — YyO" the focal position obtained by sample point 

InJiwti 1 .: L-CiS.)t^fT l fi-^rl AF41-AF49 in front 4th row 25D (as opposed to 

IX, 7k^Jj\^\^MLXf-f\\\oy^j a scanning direction), and sample point 

4 n 2 5 1.) I^J co U" > y'/W.'X A F AF32-AF38 in the exposure field 24. 
4 1 - A F 4 9 & yt~7 ^ — 
)V K 2 4 rtOfy//^AF 3 
2 -A F 3 8 X^htlfcy*- 
jJ X {<l IS CO It ^ t * b f > n: / n CO U 

^< y > {/)k'(jy -a- — # v- >- 
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The scanning direction (Y) 
The scanning direction (-Y) 



[CLAIMS] 



[CLAIM 1] 



MytjtVW&MiktDMUM&tfli A surface positioning apparatus, which is 

&MiE1'Z>ffltyiyc i ¥ : 7fc t , f-ju7iU provided in the exposure apparatus which has 

^BJJfjCjfeJctit Lt^JIJW^^ the illumination optical system which illuminates 

— l/tfMr&tS titi-vx ? the illumination area of a fixed shape with an 
~)~<3*v^ 9 IftiJ -X -7 - — i/b, Mund exposure light, the mask side stage which 
PMlW&^U^m Til'?^ ^ vy/^^ scans the mask in which the pattern for 

— >^&i^)t^+& Ji{w&^i~&$ exposure was formed to said illumination area, 
*&yt'T : ~& t , mjri'C^^ ^ t |m]*$ the projection optical system which projects the 
LTnfj^2^ )t pattern of said mask in said illumination area on 

h & -h ~i ~ ) [ tit< a photosensitive base plate, and the base-plate 

iWl^pxit^^i, fii/iE^TtJS+ii^ side stage which scans said photosensitive 

ff^^^^ MU^id^^yt^^^f^rfn base plate synchronizing with said mask, it is a 

\^^\\zftf)^)J±i?fc$)(D\m{\l surface positioning apparatus for putting 

P.r^AiI^iS:'Cc!ho'C, together the exposure side of said 

mt&$yL&faWfc&£i\,& h'\"\ photosensitive base plate in parallel with the 

)j\h\<D&&o)}\K%: 2r image surface of said projection optical system, 

^WM^'M'Wl^S^^^Xmtdl^ comprised such that multipoint measurement 

it +Ji £7^ nu fiG Jx:M^ ^ ^ <7) j)t Wi means to measure the height of a direction 

\z^fi-fi")j\^oy^^^^ti-cix parallel to the optic axis of said projection 

fi|-$J]i~<5 £,ttn I'S 1 ) t , optical system of said photosensitive base plate 

\&&}\in\'B\^-t%<D$\Mffi%-k v ) in two or more measure points including two or 

\m\ll^yt^k^)'MytW\ t wi^Q. more points of the direction which crosses in the 

%sit-£&(rM%\int<D\l\i<DMM1fi direction in which said photosensitive base 

plate is scanned, respectively, the arithmetic 
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hu nilJ&ISffi ^ — is St M b means which calculates for the difference of the 
ti> tfhfi^^^lxt-J; *3 ?ftft b tilt angle between the exposure side of said 
tifzm^M^\A<0^y^J^^^ photosensitive base plate, and the image 
~C\ hij p r Lii-dSfe 7t ^ nu nLi /12 1*1: ^ surface of said projection optical system from 
^'\*\Q)l$$\ftRX$mtdfc&<Dft the measured result of this multipoint 
\n]lC\\X^'^Jj\h](D{^$lf^^t^ measurement means, the inclination setting 
fe^' Xt-- yt stage which is established in said base-plate 
L, side stage, and sets up the tilt angle of the 

il^fcft if4 'Xfe: ^ — 5^ 75 s rirj 'ffLiidS ^ifc direction of said scan of said photosensitive 
X^o.^m^A^^O) )j\h\(DM$[i^ base plate, and the tilt angle of a direction which 
2riixAk'i"<5 t (DhL^j&fSi t , orthogonalizes in the direction of said scan 
nij5"fi/i£^^^fn]i-|iX^ci"6 ~h'\h\ based on the difference of said tilt angle 
vMW^ft} £Sc'ae'1~<5 t £ (Dlfcgf required by said arithmetic means 
]^.)i<t 'fc^£h LtbtzZ. t It has these, the response speed in case this 
fkb^hW\{iL^:^)^^y&o inclination setting stage sets up the tilt angle of 

the direction of said scan of said photosensitive 
base plate was made to differ from the 
response speed when setting up the tilt angle of 
an orthogonal direction in the direction of said 
scan. 

I MAS 2] [CLAIM 2] 

HijsB^A^nl'ffl'JT-Sfi^ Htjpci7£ A surface positioning apparatus of Claim 1, in 
tRffl^7" — i/lkft L~Cnfj£l^)t which said multipoint measurement means 
J&#*/jvii^£HT^& t^l^, sample the height of said photosensitive base 
m^d&^RM^7'-'i^(D{iiM^^ plate in these measure points by the datum 
Xm^d^kO MiM^JxZ^ii ^ m reference of said base-plate side stage, when 
»dl$yt'£fa<Oti] £ £rU D y said photosensitive base plate is scanned 
^1*5 d t %:Wfk k'$"6 ii'H^^I through said base-plate side stage, 
l ^o^imim^mK, 

[CLAIM 3] 

m i£%^lM-f'&<i, midrJi A surface positioning apparatus of Claim 1 or 2, 
'j£MVt<Offlfflffi$.tmtd l &&yt in which said multipoint measurement means 
LX ^&t£M:JC$tii$ify measure the height of said photosensitive base 
W^I^W^Zit^nyii^ft^^jt plate in two or more measure points which are 
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W&\H<z%\ LXmtdl&ft&Wr 1 made of two or more points related with the 

Al&tSti&ffiO^\)\\<D$ii$,f*i&) illumination region and said projection optical 

WkQ)& X <9 t££&jfcO)£jrMti system of the form of said place fixed form in a 
(^^t^C, n\\td!$ ft conjugate light-exposuring_region, and two or 

Sr-tn^na+ffltJ'f^) ^ t more points in the region of the foreground at 

t i~& »ih 1 Xli 2 £d$i<Di& the time of said photosensitive base plate being 

fv^:$AiI^i§ 0 scanned to the inside of said conjugate 

light-exposuring_region, respectively. 

[M*fl4 ] [CLAIM 4] 

fjij^Ll^^;lfl iJ T"-]'xfi, A surface positioning apparatus of Claim 1, in 

yt&MlO) 1 y hM-t^^ which said multipoint measurement means 
Wi$z fiff s'S'v 'A $ (T)/< $ — > change the position of these measure points to 

:>ti"^)ii3f'iU^jol ^~C\ flu jd one shot_region of said photosensitive base 

&^Q)£\'M&<?){vM&&ik$$ J & plate in order in the process which exposes the 

Z - t &W$L t *t & ( 7h >R J i! 1 n'B pattern of said mask in order. 

lift MI 5] [CLAIMS] 

ffiyt)tX*W&i&&Q)\W\$i^ It is provided in the exposure apparatus which 

&WiVfl1'&\$tyl)t*r :: & t , mj hS has the illumination optical system which 

LTBi)t>t1tO^^ illuminates the illumination area of afixed shape 

— yJi^Mli&iS titz-sx 9 lk/\lfr. with an exposure light, the mask side stage 

0 ftxr-y i: , HijhcI which scans the mask in which the pattern for 

fflty\Wpkl^V)m'£ii^ y>> $ (T)/\$ exposure was formed to said illumination area, 

— y Z>\ J £ the projection optical system which projects the 
jf^Jfc'T^ t . nnnE^ x 2 t RlJiJI pattern of said mask in said illumination area on 
LXffifZI$yt&tU&iii&.-t& At a photosensitive base plate, and the base-plate 
'^W[At---J 1 £#i~5 5£'7ti* side stage which scans said photosensitive 
uSi^xft hii, ri"Ji£^)\:Mjfi^ base plate synchronizing with said mask, it is a 
ffiftW\V)&t5'£mtd&x&y£*t-~& surface positioning apparatus for putting 
<D §rfnHn f> *tt" jA tz tb 0} riii fv. together the height of the exposure side of said 
fSrS>dr$^[SX*fco'C, photosensitive base plate with the image 
nijVdnir^/f^X^ surface of said projection optical system, 

1-^*1 LTitt£&S£)t comprised such that in the fixed measure point 

WMRh K i&MftiM$\^M l-X m in the measurement region which is made of a 
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^M^t&^^^E^^'h'6^)f- conjugate light-exposuring_region related the 
X *) tt^iVM&M^tf) illumination region and said projection optical 
Wi& Q*>tV&\ & i-fcl^T, flfj i£Mi system of the form of said place fixed form, and 
Mffi«n^jGft^^^(7))tW front region at the time of said photosensitive 
iz.^i't£)j\"]<D&t$ base plate being scanned to this 

is! £ Jl'S'Jf fx t , light-exposuring_region, height measurement 

m»£l&fc&fa&'jfcft.LTcffi\^M means to measure the height of a direction 

parallel to the optical axis of said projection 
&&cr>fif)£$iM$%0)fo0), ft optical system of said photosensitive base 
Xi^RXf^A^Xl^^^XmuZ plate, the arithmetic means which calculates for 
iytfite^I^i&'^ I^W/iS the difference of the height with the exposure 
£ t V)\$L W\oy^h surface of said photosensitive base plate 

£ t <D 5> ^ fc> & ^ i£ average based on the maximum value and the 
t % minimum value of two or more height measured 

riij ttUstkiMx ~r — i/lz&lib results obtained by said height measurement 
fri, nuHfi^^^fxi^J; V b means, and the height of the image surface of 
jft, fz w\ td iSj £ (D % A ; jy [z jjt ^5 t ^ said projection optical system when said 
~C\ m$±!i&fc&$R<7) photosensitive base plate was scanned, the 

i~Sr£j£^&'*7~~i^£: i:4ii' height setting stage which is established in said 
Z - t fr^fWi t i' 5 ifn^tKiixAk' base-plate side stage, and sets up the height of 
5^ {So said photosensitive base plate based on the 

difference of said height found by said 
arithmetic means, the surface positioning 
apparatus characterized by having these. 

[mimnW^mi] [DETAILED DESCRIPTION of the 

INVENTION] 



[0 0 01] [0001] 

[&.%#;<D-f\\mtt$f] [Industry-like application] 

4^69] fvi, V y h 'A ^ This invention relates to the auto-focusing 

\ yMit)j X(DY^'MK^i$V) mechanism of the projection aligner of a slit 

'A'— h y-Jr~'*Jj ^^k^Xit'A'— scan exposure system, or the surface 

h l"< V y LXH positioning apparatus suitably used for an auto 



9/26/2003 



7/93 



(C) DERWENT 



DERWENT 

ii*iaWnS^iK^I^1"5„ leveling mechanism. 

[0 0 0 2] [0002] 

[Vt&vy&Vft] [PRIOR ART] 

T"-^{4^ 7\ i&mM'^^Xtt When manufacturing a semiconductor element, 

Mf${$M^y V^ffey-Jr V V V a liquid crystal display element, or a thin-film 

y 4 TM^Mxil'tZ)^ 1 ^, magnetic head in a photolithography process, 

y -a- V^'A 2 Xlt ^-'J' J 7 /\/ (Kk the projection aligner which transfers the 

h\ 'U^V jv\ b%&ffi1~&) o) pattern of a photo mask or a reticule (it is 

/Sp — y&P&ftMyj^Ju&titz hereafter named "reticule" generically) on the 

Ms^k i^^s^s Uy * y' h base plates ( wafer, glass plate, etc.) applied to 

*#) I : \z fc'Si - h (R the photosensitive material is used. 

/^f&VU ^irCt^ c As a conventional projection aligner, the 

MyCixffi.b L"Cf;t N C^^^fr reduction projection aligner (stepper) of the step 

is x y b$i$&Wk'&%2yt¥% * and * repeat system of moving each 

vyMfcy 4 —fc K^Ji^fiJj^-tL"* shot_region of a wafer into the exposure field of 

T, #v 5J y V HnJ$i^)ffi& a projection optical system in order, and 

^ /uo;) ' <y — b exposing the pattern image of a reticule in order 

^^T^'/'TyF 1 V to each shot_region was used in many cases. 

[0 0 0 3] [0003] 

M 2 0 li^Moyy- y/<—<D~ig FIG 20 shows the conventional stepper's 

ii-^'L^^N^ OiwJPT, principal part, in this FIG. 20, under the 

[si] w < ^ ^ vt i K4 M>j 5t '7- ^ ^ ^ ^ exposure light EL from the illumination optical 

<?y$ytyCEl,V)i>bX\ \/"J- J J system by which the illustration abbreviation 

A- 5 1 _hc7.)/^ — was carried out, the projection exposure of the 

-}ff-M 5 2 £^ LX y -Jr h V i> image of the pattern on reticule 51 is carried out 

7, h fctysJutStitctyzz/'s 5 3 ± to each shot_region on wafer 53 with which the 

<Z)frvn y Y\i\^\Z-\^<Mit$: photo resist was applied through the projection 

ti&o !)^^o:ilt Z^!J optical system 52. 

> ? x 7' — y 5 4 J: ft<fV : £ Wafer 53 is maintained on Z leveling stage 54, it 

ti s Z u<< ] J > / /7 : r— i? 5 4 mounts Z leveling stage 54 on the wafer side 
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f} r> :r./N^i] x Y 7 7- - y 5 5 (D XY stage 55. 

h £;ft~Ct^ -5 „ '>^vfflij The wafer side XY stage 55 positions wafer 53 

XY.xf-y5 5li, j§^)t?- within a flat surface (XY flat surface) 

W;5 2c;))t:#AX 1 IZT&MftW- perpendicular to the optical axis AX1 of the 

Ril ( X Y "Y'-W\) l*TC 3 projection optical system 52, z leveling stage 54 

v^f. ! &k#> frAi^^, Z y is set as the state where the focal position 

y'x-T—i? 5 4 ( i, 5 3 (position of a direction parallel to an optical axis 

oMj'tihiO)-? -a- — jj ^{)L7<. (it AX1) of the exposure surface of wafer 53 and 

$|I|AX 1 [cW-'i j 't£~h~fi)0>W:[&:) the tilt angle of the exposure surface were 

)kmoyiMimo^mm £#r£ designated. 



[0 0 0 4] [0004] 

i£ fz s Z y^<D y^xf - is 5 Moreover, the transfer mirror 56 is being fixed 

4 ± ['C s ^Mfi 5 6 fctSti on Z leveling stage 54. 

"Ct^&o ft-i<f><n v— If-R^nr 5 The laser beam from the external laser 

l1)^h(T) v— -^ftf— Is fc^vyfy interferometer 57 is reflected in the transfer 

$)M 5 6 X" KMtS ty- v -' s i\& mirror 56, a laser interferometer 57 always 

X Y x y- — 5 5©X Mil; A detects the x coordinate and y coordinate of the 

Yfl*.t?-7jS u— +/ : T^g'f 5 7 id J; wafer side XY stage 55, these x coordinates 

ZtibXlM.U and a y coordinate are supplied to the 

Y mmfr ±Mffl£ 5 8 icffc- main-control group 58. 

In ^ti'Ci/ N ^) 0 -kftiffl^ 5 8 Ivfc, The main-control group 58 exposes the pattern 

WM'&vS: 5 9 LX fy- r -/^M image of reticule 51 in order to each 

XYXf-^5 oiit/Z 1^^<L) shot_region on wafer 53 by a step * and * 

y ? 7, 7- — -y 5 4 cOiStrtf^ flMfll repeat system by controlling an operation of the 

i"5 <t I- J: v , ;< v" -v 7 • T wafer side XY stage 55 and Z leveling stage 54 

y K • !i t — N /Vit'C ')ia5 through a drive unit 59. 
3 hO^V n y l> ^{CjCiJ5k U 

-)-£«, 

[0 0 0 5] [0005] 

Cicol^ ^^5 1 ±W/n^ In this case, the pattern formation side on 

— yyfttbM ( yj'f J\sW\) t V reticule 51 (reticule side) and the exposure side 

3 (Dffiftifn b lZft)$yt¥ of wafer 53 need to be conjugate about the 
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5 2 L TjL : tx!- 4* otP projection optical system 52. 

5!&2c^#>2>/$\ fic^fp^-^ia However, since a projection multiplying factor is 

< ^ MtiMiSt^X^ 1^1- high and depth of focus is large, a reticule side 

tn^Mtfolz f 0 L#t\, % is seldom fluctuated. 

^."C\ 1£ : &f'±— MftAW Then, generally it is detected conventionally 

*}[(n&L\0)y-t~ fJ^bYMMH whether the exposure surface of wafer 53 

^{d J: o "C f^ir./x 5 ;i cogg^tifti coincides within the range of depth of focus in 

5 2 c/)f0iffi(-^^ the image surface of the projection optical 

?&&0)%m\\H~eftfkLX^?ofr system 52 by the focal position detection 

b o f)*{r\M LX^^^fj^b o ft*) system of an oblique-incidence type multipoint 

60^£f&tij U r >-*^^ 5 3 0)M (is it focusing or not?), the focal position of the 

ytW\(V y x — % x{tl&RXJ{tf{M exposure side of wafer 53 and the control of tilt 

ftOfflW&'ii : o'Cl ^ti 0 angle were performed. 

[0 0 0 6] [0006] 

f^Jk-O^^W^^-^-^xfiiS^ In the focal position detection system of the 

Mi^CljJol/^C, MfcytEL bit conventional multipoint, the illumination light 

3 Y.QT'J * W which does not expose the photo resist on 

is* V Itl&X £ ti-4n\^HJ] % wafer 53 unlike the exposure light EL is drawn 

f)\ m^fiW&fttzMWytUfr through the optical-fiber flux 60 from the 

t>it7Y 4 ^>k6 0 y artLt J 5 illumination light source by which the illustration 

A^iTi/^So %yy 4 6 0 abbreviation was carried out. 

%it The illumination light emitted from the 

uyy^6 1 %:$kX'<# — >M)$L optical-fiber flux 60 illuminates the pattern form 

2&ffly\-t& 0 s^P — yM board forming 62 passing through condenser 

nme 2 zm^Lummt, 61. 

yyX6 3^ i y — 6 4 IkWM The illumination light which permeated the 

Itxtti^ yXe 5 *r$£T r >-^/^ pattern form board forming 62 is projected on 

5 3WiS)t[fri(:SS^ti, the exposure surface of wafer 53 passing 
^5 3 0)&ytmziis<# ~y]& through lens 63, mirror 64, and the irradiation 

2 J-.W/v^-ycof/i^ objective lens 65, the projection image 

■WiAX 1 l^MLXU#)l^&ffi formation of the image of the pattern on the 

f£c£ti£o ^-r./N 5 3 T?lx^f £ pattern form board forming 62 is aslant carried 

n±mm-ytii, MjtmPjyy^ out to an optical axis AX1 in the exposure 

6 6, 0fe^fi& : Sfj&"6 1 JkU surface of wafer 53. 

^if^l/>X6 8 &&X 6 The illumination light reflected with wafer 53 is 
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9 {i&yt\id{zfi%i&£ti, 'Slot re-projected on a light receiver 69 at a 
55 6 9(7.)'5:.)ti5i(-('i, /<# — y light-receiving surface passing through the 
BnUkG 2 kO)s<#~ >(/)Wf< condensing objective lens 66, the 
SStiii^o ::<?.) MM rotation-direction diaphragm 67, and the image 
5 8 li)]\]M$i\R 70^^L formation lens 68, the light-receiving surface of 
X\u]&)j\hl$k$}$L 6 7 Hf£i!i;c7) a light receiver 69 re-image-forms the image of 
4: 9 faM'Shfr 'S.)t?$6 9 the pattern on the pattern form board forming 
o^Woy^XM f/^^ttfd 62. 

^Hfm-^M^U 7 1 i:f^n$ In this case, the main-control group 58 gives a 
ru fil y-AJLSP.^fft 7 1 fi^ vibration like the after-mentioned to the 

llWt u -*rJJIl1SSiH7 0^))*i)jid rotation-direction diaphragm 67 through the 
y-TipIJW^^L-C^yt^^co^ vibration excitation apparatus 70, and the 
>j~ ^ xj^; -^^-kft'Jfi^ 5 8 id detecting signal from many light receiving 
tftftW"5o elements of photodetector 69 is supplied to the 

signal-processing apparatus 71, the 
signal-processing apparatus 71 supplies many 
focal signals which carried out the synchronous 
detection of each detecting signal, and acquired 
it by the drive signal of the vibration excitation 
apparatus 70 to the main-control group 58. 

[0 0 0 7] [0007] 

W2 l (b) It, s<9 — y&)$L FIG.21(b) shows the opening pattern formed on 

fe'6 2 \\\^Mh%^ntz^\\^9 the pattern form board forming 62, on the 

— s y f £>\< Ls Z. o)\x\ 2 1 ( b ) pattern form board forming 62, nine slit opening 
(i/7<-)~J; o (c % s^V — yjf^jijMK patterns 72-1-72-9 are provided at the cross 
6 2_hm l-^^d 9 \WD'A y shape as shown in this FIG.21(b). 

y MX'^Drll V — > 7 2 - 1 Since those opening patterns 72-1-72-9 are 

— 72 — 9 y^fixi-'j" biiT^&o irradiated from the direction which crosses by 
^tziboyfjfi I \s<& — y 7 2 — 1 45° to the X-axis and a Y-axis to the exposure 

— 72-9 [it r>:r./N 5 3 <DM$t surface of wafer 53, projection image AF1-AF9 
mi(^>j LTX^St/YWj[-*]L of these opening pattern 72-1-72-9 in the 
X A 5° exposure field of the projection optical system 
fti^ti&fzbh, $3-~s^5 3oyg% 52 of the exposure surface of wafer 53 
yfcffn koy&%>jt¥7<± 5 2 <Di$^t becomes an arrangement as shown in 
v^-vu K^rC^X -tzihY)fi\\ FIG.21(a). 
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— y 7 2 - 1 ~ 7 2 - 9 0) In FIG.21(a), it is inscribed in the circular 

#&ii&ft A F 1 — A F 9 r.i[2] 2 illumination visual field of the projection optical 

1 (a) i'/j^i' X o ftfidfS.idfr system 52, and the maximum exposure field 74 

<5 U [x| 2 I ( a ) d&i/ ^"C, S is formed, the projection image of a slit opening 

M;)t'-M5 2 wl'J^cflJKifjJJ&Bf pattern is respectively projected on 

!cr A j££ Ltw :k'M^t'7 ^ — ^ K measure-point AF1-AF9 on the center section in 

7 4 ^jf0j&£ Jii.\A:S^'')t"' 7 -r the maximum exposure field 74, and two 

— K 7 4 I*) (DiV&iftR L K 2 flj diagonals. 
(D ft ft & ± CO 2+ M A F 1 ~ A 
F 9 [C^tn^tl^ y y h^^lffl 

n / < * ~ > w fe L « # i ti 

[0 0 0 8] [0008] 

M 2 1 ( c ) li, S3t-8S 6 9 <D FIG.21(c) shows the state of the light-receiving 



"KTtrfri^^l-F-^r/j^ *W[^|2 surface of photodetector 69, as shown in this 



l (c) {C/j^-t" 4: -) \z. s 'S.-Jtts FIG.21(c), nine light receiving elements 

6 9 oy^ji\k\\z.\-X- J \-'-¥mc 9 fig 75-1-75-9 are arranged at the light-receiving 

oyQ-ytWi-f- 7 5 — J ~ 7 5 - 9 surface of a light receiver 69 at a cross-joint 

^fiilfScStU 7 5 - type, on each light receiving element 75-1-75-9, 

1 ~ 7 5 - 9 cD hi '.(',t^. L) •> h the gobo (illustration abbreviation) which has slit 

#tff)|jH P Sr^'1'5ii>tfti (L*!^ opening is arranged. 

tflft) ^ffiiW.^rCi/^o And the image on each measure-point AF1-AF9 

t. N2 l (a) oy&i\-mt\A ofFIG.21(a) 

F 1~AF9 hcDf^K-n-Fir Are re-image-formed on each light receiving 

'xK6 9C)^:t)t^-7 5- element 75-1-75-9 of a light receiver 69, 

1 ~ 7 5 - 9 <D \:\z. I'j^ft&ft respectively. 

ti^„ rco^-A\ 1*1 2 0<7)'> In this case, the illumination light reflected in 

.n/»5 3c7.^.)tLki (£^/>iffi) respect of exposure of wafer 53 of FIG. 20 

X*bLtoiStitz.W>MK.\±, %'ftk\ (waferside) 

%Vy~A<6 6 co|lfi{\'/:{§ic#^-:-i}- Since the rotation-direction diaphragm 67 which 

<S <t fti^N 2 0 coftEifriJ-iS If^E vibrates around an axis almost perpendicular to 

r^MicO!''^ icttSfilKlnHteffiSiJj) the paper surface of FIG. 20 (rotational 

't'&M&h'tfMUWtik 6 7 i^lxS-j" vibration) reflects while existing in the pupil 

iSii&titi)^ 12 1 ( c ) fw/7< position of the condensing objective lens 66, as 

^4:9!-, gft#<*6 9 kT*(i# shown in FIG.21(c), on a light receiver 69, it 
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'Siyt'-M {' 7 5 — 1 — 7 5 — 9 I; vibrates in the RD direction which is a width 

!-F^^ : ^itL^ftc;^ft^fiiS;/j^ direction of opening with the slit position of the 

x ] J v h$k<D$l I 1 0)^Jj\\i\'Qh projection image which it re-image-forms on 

& R D A"fr»J}-^®J't*5 (1 each light-receiving-element 75-1-75-9. 

[0 0 0 9] [0009] 

S/i, 2 1 (a) coft,1|-?jiy,fe Moreover, since the image of slit opening on 

AF 1 - AF 9 .J;c/).x [j ^/ MX' each measure-point AF1-AF9 of FIG.21(a) is 

oMn(J)Wt± s &*l)t1^5 2 aslant projected to the optical axis of the 

(D?C$\\\{^*\' LX ft, projection optical system 52, if the focal position 

X^^fi^K r>ni/N5 Z&ygfift of the exposure side of wafer 53 varies, the 

'A'^-'JJ x{\fMffi'£ik~$~& re-image formation position on photodetector 

ts y cft 6 9 69 of these projections image will vary in the RD 

hXnmii^L&MiiR Djjfalz direction. 

^cfki'So l£o~C\ fd /y&LSi* Therefore, nine focal signals which respectively 

iE7 1 |Ajt% -tr^^^- f-7 5- correspond to the focal position of 

1—75 — 9 wMiUftl' y '& : tft measure-point AF1-AF9 are acquired within the 

^ti^l'lto^ffMjtt^JJ]^ 6 7 Wjjntg signal-processing apparatus 71 by carrying out 

ito'X^"\M%fci$i~yZ) - t "C\ m+ the synchronous detection of the detecting 

ffliJ^A F 1 ~AI ; 9©7^ — ~Jj signal of each light receiving element 75-1-75-9 

y*i&v£\z%ti^ixMJ&'f~Z> 9 by the vibration excitation signal of the 

oyy 'A' — iJ ^f,l ^>//^'i £>ti5 : , rotation-direction diaphragm 67, respectively. 

^ L~C\ 9 ftel<7.)7.^- — * And from the focal position of nine pieces, the 

'Myt y 4 —sis K 7 4 o~) "Y- tilt angle of the average surface of the exposure 

^}t£]^o^{^\^SLX^^<r^^ field 74 and the focal position of the average 

tfjfrifiicO"? xfV/'.tSTi^Rft surface are required, and the main-control 

hftXT-MW,% 5 8 (£ftt-if&£ group 58 is supplied, the main-control group 58 

ft, -\ : M'M%5 8rt, Igfj^it sets the focal position and tilt angle (leveling 

5 9 RXJ Z l"< U y / x v- — angle) of said shot_region of wafer 53 as a fixed 

5 4 4^L'C r >x/N5 3(7)^5^' value through a drive unit 59 and Z leveling 

*>hi y hW&oyy a- — 1j~a&^ stage54. 

IkXMifflfa (i*"< ] ) y^ft) & Thus, in the stepper, the pattern image of 

r^lii'^iiS(-SxAHl"<5o Z<D X o reticule 51 was exposed in each shot_region of 

f- LT, ys<—\z}3\, ^Xlt, wafer 53, respectively in the state where it was 

^ /N 5 3(Dfai/u y h ftiJinlci- put together with the image surface of the 

<3>\^X'7 — 'Jj y-it{fi:~lAZ/Uii$ projection optical system 52 in a focal position 
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ft^?x^.)t'/--^5 2<Djfomzft and tilt angle. 

i-?-? si* 5 1. 0)/^-yl%fjV$£ 

[0 0 10] [0010] 

[ 36 W Mfc o 1 1 & a£ [PROBLEM to be solved by the Invention] 

M] Since the pattern is micronizing in a 

ifr^s T-^'f^M f -^fi^&t ^Xlt semiconductor element etc. in recent years, 

/< $ - - y '/y^it&'Mifc LX\/^&tz heightening the resolving power of a projection 

ft, &&yt¥'&<Dl$i&Jj&&i!b optical system is required. 

b /j^kft btiTV^o Approaches, such as short-wavelength-izing of 

J) : k^h^^tz^)0)f-iMUlL, M the wavelength of an exposure light or increase 

ft$tO)i&li<D%]Mbkiks XfiiS: of the number of aperture of a projection optical 

^-yt^^O)^\\^o^i^±^(D^ system, are one of the approaches for 

?2;*;fl s <fe&yJ\ {i'JtiGO £r J heightening resolving power. 

Z>$rrXi^ V£ifc$l t PI CHlSt However, if it is going to ensure the exposure 

o^jfy 4 —fr Y&WMk L cfc o field of the same grade as a prior art example 

b~$~Z>b^ myty 4 —s^ K<?)<£ also when using which approach, it will become 

ihiXffii&l'kM * V — i/m difficult to maintain image formation capabilities 

i^W\fH\W\%) &ffi&oytin& (a distortion, curvature of field, etc.) for fixed 

iw#.£rt~<5 r. t ^ffllCftot accuracy in the whole surface of an exposure 

rc^5 0 f:«MJtL field. 

~C^£>60/$\ pMf\^ V y Y'^^c Then, the so-called projection aligner of a slit 

-V yt&ytJj&(D&%$M-yt^ifi~C scan exposure system is improved now. 

[ooi i ] ^o:)-A y y yts* [0011] 

-yyffiyth'&vi&ffi^it^WX* In the projection aligner of this slit scan 

fi, ^ff^Xfin^^^^^W exposure system, the pattern of that reticule is 

1iCit$ (WTs 1 ^ y y bikOMUJi exposed on a wafer, synchronizing relatively 

plfeiScj t"* ; J' L'C u-/-^ and scanning a reticule and a wafer to 

/^RVtty^s^&$$iiW-\»]l® L illumination areas (henceforth "a slit illumination 

Xfe&Lt£A*hs ^roi/f area"), such as rectangle-shaped or a circular 

<Ds<# — y^^iny^ HMifi?)t£ arc shape. 
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ti&c fto'C, (itfp£^ U y hit Therefore, there was an advantage that an 

<nffiMW$. t -J^^^^feJcrt'Cff image was equalized in said slit illumination 
^¥#)ft:£tu v~-f h — region and the conjugate region, and distortion 

hi' Z> 1 ^ 9#Ja^ accuracy improved, 

foofco [0012] 

[0012] Moreover, the mainstream of the size of the 

'$-%<D U"f-p /\s(f)Xi% tS conventional reticule is 6 inch size. 

(DJiikit 6 4 y-J'^^i X'Cfe The mainstream of the projection multiplying 

9. S£g)fe'7 : ^WjiJ:Mv^60+: factor of a projection optical system was 1/5 

1 /5ffiX*&>'y£itf\ T£ times. 

f^S* T'^(D]Bi^y<^ — >^ A*rfn However, 6 inch size is not of use for the size of 

'^ik^XK), 1 / 5 fit cot the reticule in multiplying-factor 1/5 with an 

t T*W ? /i/ooA #£(16^ expansion of circuit patterns, such as a 

W->M XX*l\i\l\]\z.£tfot£ < t£ semiconductor element. 

oT^So ^c^f^K Yk.&yt'^ Therefore, it is necessary to design the 

&<n¥*M\\'iW-'&$\7L\i\ / A\t< projection aligner which altered the projection 

(n^ 'ii L £&$$)t^ft£iixij+ multiplying factor of a projection optical system 

-^M/^&So ^L'C\ rco into 1/4. 

it 9 ^£t^'!^' 7 7- / ^^ — >co Aiifnfjlf And the slit scan exposure system which can 

iki^WLX&%6)V7-?^vyMfty make small the diameter of an exposure field of 

4— As Kf?.&-/J»£ < -t%> 4ifi>X a projection optical system to an expansion of 

$ 5 x y ^ M A*-^ >SR)t>J/.»^ such a transferred pattern is advantageous also 

:i 7, h nTT t 'JjH N T t^U'Cdfr in a viewpoint of cost. 

So 

[001 3 ] [0013] 

W\fr£>y- ] ) v V ^-V-t y'M^tJf In the projection aligner of such a slit scan 

^(D^mit^0A^^^X , ft exposure system, the focal multipoint type 

$k<D7sT y/\— XW]^^b'hX^^ position detection system used by the 

tz&tiJ$l<Dy ^ — >?7 ^Yv'fBr'it^thi conventional stepper is used as it is, since the 

^ £r ^(f) i^jgj-IJ LT, f>oi/N wafer was scanned in the direction of fixed even 

hc7^S^)t iftjcO y -A' — jJ y-WMR if it measures the focal position and tilt angle of 

ll{$$[ f{\&?tiB\ Lfi t LTt, an exposure side on a wafer, there was 

ty^/^ffffc<Dfi\iii\z£:fa&ti inconvenience that it was difficult to put together 

XV^fcfe, an actual exposure side with the image surface 

S^-r-^WfiKifiil-lj foltj&fiZ of a projection optical system. 
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t &MMXfoZ> t v w ) T^1vu*/p That is, the approach for putting together the 

fco/'c 0 Wh, $^f±* V y h focal position and tilt angle of a wafer with the 

7^-y >M?tJj&P)i&&'M)^ix image surface of a projection optical system in 

[Kid&^T, ty:r-/^o)'7 ij the projection aligner of a slit scan exposure 

~MtL ^7kVf$\$\i<\ system conventionally was not established. 
<n\% iflf ft h-it& is tz ft (D T-tt- 

[0014] [0014] 

^^WiiWt^&Ui^M^, x y This invention is taken into consideration at 

y Y x =*f -v y'Myt"Ji'&V)$£iSfcM such a point and it aims at providing the surface 

^C, i^)tSlk"cOgg positioning apparatus which can be used in 

yt\Rfc¥x%£y£'Y : &&)i%ffn*^ L order to put together the exposure surface of a 

X'&ffil&ltZftfo^&tffzfiWii photosensitive base plate with high accuracy to 

ffl~C# & J; o ^linb'fMiix'Ml^W: the image surface of a projection optical system 

&tt-fJfcTf"<5 d t & R #J t i'-6o in the projection aligner of a slit scan exposure 

system. 

[0 0 15] [0015] 

[MSr/^^-l^o/cyx^ IUx] [MEANS to solve the Problem] 

^§Wco$5 1 OiHif^iSgx/ii^iS: The surface positioning apparatus of this 

(i, s^^^t^TJfMl^^wM^J^ invention 1, the illumination optical system 

&£WWfZMWJL¥W<k, - T c which illuminates the illumination region of a 

(DMWi&^lzttLXig&ytftlcr)/* fixed shape with an exposure light, the mask 

9 — >W&l$L is ivtz-v 'A 7 (i S (de stage (10) which scans mask (12) in which 

2) 7 7 \W\7f- — the pattern for exposure was formed to the 

is ( l 0 ) %<?)Wity]$iii$,ftl illumination region, the projection optical system 

0)-v7 7 (12) 0)/<j/-~y& (8) which projects the pattern of the mask in the 

M)tAt4& (5) hi<i&j?^*&-!£ illumination region (12) on a photosensitive 

(8) t, ~^7 7 (l base plate (5), the base-plate side stage (2) 

2) t \nlM L'C^vtAtlfe (5) which scans a photosensitive base plate (5) 

£fe&-f&&$kiMx'r~i/ ( 2 ) synchronizing with mask (12) 

t ^^'i"5S-)t^K(-dx^t ^ It is provided in the exposure apparatus which 

ti, aStjt^k (5) <7>8&*-)fcifii&r has the above, it is a surface positioning 

W&yt'^s (8) coMS-W apparatus for putting together the exposure 
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\zftfa#7£tftzfccr)\hiikifiM'fc surface of a photosensitive base plate (5) in 

^ : i£:T:&>o~C\ fiSjfc&fS (5) parallel with the image surface of a projection 

&Alft.t$tiZh'\%l^&-%i1*%)j optical system (8), comprised such that 

IwlW^^W^^-^f^^Ws'+zlt'J multipoint measurement means to measure the 

a\\ (AIM 1-AF59) life height of a direction parallel to the optical axis of 

^TMM (5) <D®L&yt*f' the projection optical system (8) of a 

^ (8) 0)%^\i^f)'fs:)j\h\(D photosensitive base plate (5) in two or more 

fy^ti^fftUl 'typ^&^&fil' measure points (AF11-AF59) including two or 

S'J^fx ( 6 2 A , 6 9 A) more points of the direction which crosses in the 

^oy^}\U\'M^?k^)t\ 'ffl'JISJRct direction in which a photosensitive base plate 

9J$#J&4S (5) oM s ltW\t] l k (5) is scanned, respectively (62A, 69A), the 

(8) 0)®L\&k0)?ft<D arithmetic means which calculates for the 

MMi^O^y^^^^t^ T-J-x difference of the tilt angle between the exposure 

(7 1 A) t feti'Y&o surface of a photosensitive base plate (5), and 

the image surface of a projection optical system 
(8) from the measured result of this multipoint 
measurement means (71 A), it has these. 

[0016] [0016] 

!C!-?M§lWfi, WtfMU^'r — i^ Furthermore, this invention is provided in the 

(2) MSfcJt^jru M (7 base-plate side stage (2), based on the 

1 A) [zX>t)$ttf)t>Zi£L%:0)\%i difference of the tilt angle required by the 

ftMo&ftic&^^X , $OtAt arithmetic means (71 A), it has the tilt angle of 

IS (5) <D^t(DA±4iO)ti\h} (Y the direction (Y-direction) of the scan of a 

^J[m]) aMRfflfijfkriZtDAl&cn photosensitive base plate (5), and the 

In] ( X An*]) inclination setting stage (4) which sets up the tilt 

<?M$iM fi} f&M$lr&'tiiX angle of an orthogonal direction (X direction) in 

-r—i? (4) &4iL, F'JxJfN the direction of the scan, for example, as shown 

5|:/>"tJ;9l:, MMt&fcX'r in FIG. 5, the response speed in case an 

— is (4) '/f^Sit^k (5) 60 inclination setting stage (4) sets up tilt-angle 

%<n£:&<Djj\bi (Y>/inj) (DM (theta)y of the direction (Y-direction) of the 

Mfil 0 y &$7£'f&k : $0)h&$ : scan of a photosensitive base plate (5) was 

xfelMks ^ ^ Al ffO) jj^WL^i 7 ^ made to differ from the response speed when 

i'^'Jj^} (Xti\p\) ^M^#j 0 X setting up tilt-angle (theta)x of an orthogonal 

&?&)£-t~Z> t t^Mti: & direction (X direction) in the direction of the 

ftfth L$)1th0)'Ch&v scan. 
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[0 0 17] [0017] 

^Ol&ft,%0)£tiJWlT-t$:it, In this case, that multipoint measurement 

)M&iM^y u — i^ (2) *r^L"C means may sample the height of the 

iSSJtJitftc (5) Avt^^HTV^ photosensitive base plate (5) in the measure 

5 t # itfe'ftil^x— v ( 2 ) point of these plurality by the datum reference 

0)^\m:&W^"tzihMkon\W\ of the base-plate side stage (2), when the 

/XM:fot*t &}}&Jt&$L (5) cOi^j photosensitive base plate (5) is scanned 

£ iSri^^-y y y ^ LT t i'Ai \, through the base-plate side stage (2). 

-^co^^ni'iB'I^lxfi, Moreover, the multipoint measurement means 

<?)lTrfe]&Vlo)MW$Mk&j&fc may measure the height of a photosensitive 

(8) LTfttx^^Tt base plate (5) in two or more measure points 

ufl^Jc (2 4) rt^Si&iZX^&l/ which are made of two or more points related 

s to^'P<&f£MitvM$\^]^M L"C the illumination region and projection optical 

JibtAt4& (o) /ivlii^^ ft 3 El system (8) of the fixed shape in a conjugate 

(D^wicDW&ft^&^tDtik v ) light-exposuring_region (24), and two or more 

<S fK$C<7) sf S'J/mU-^I/ n "C , points in the region of the foreground at the time 

JtlkkH (5) coiwj$ ^r^ft-Fft of a photosensitive base plate (5) being 

fS+?Jl , Ji~6 t>0)'Cfo<oXt>Sk\<\ scanned to the inside of the conjugate 

light-exposuring_region, respectively. 

[0018] [0018] 

S/c, ^o^Hr&iiWA f-fxfi, l§t Moreover, as for the multipoint measurement 

)tAL : #x (5) (DlrxDi/zyb means, in the process which exposes the 

M^^WV^k"^ * V (12) c7)/n pattern of mask (12) in order to one shot_region 

9 — > Mit^i' & JM(£;fc3 ^ of a photosensitive base plate (5), it is desirable 

~C Wk^tib&^WtWltiW to change the position of the measure point of 

^ tfr¥:& L these plurality to order. 

V\ "if^ ^£fy\l<^X -23 S 2 CO Moreover, 2nd surface positioning apparatus by 

tifrM&fcl&W.li, Sg^^'Cifr this invention 

TilK^ ^ ^ fl^ ^ inJc fid W ^ ~ ^) mi The illumination optical system which 

ty\yfT-&b, ^(Dmmvil^^f illuminates the illumination region of a fixed 

LX'M^tH]0)/< / / -'iy'/y<jf^jj^tS shape with an exposure light, the mask side 

tLfcvx j/ (12) &/£3§rt~5 stage (10) which scans mask (12) in which the 

— (10) pattern for exposure was formed to the 

~t (^ffltylvU^^V)^ x % ( 1 2 ) illumination region, the projection optical system 
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oi/Sp — y&l&ytJ&jfii (5) .h (8) which projects the pattern of the mask in the 

i-^i^^^^^ (8) ir, illumination region (12) on a photosensitive 

vx^y (12) t^lMLXmyt base plate (5), the base-plate side stage (2) 

(5) ^fe^rt <S Slk'ffl x which scans a photosensitive base plate (5) 

-r — i/ (2) t k'H^^WH^M synchronizing with mask (12) 

fS;(^iix(t fbz'U ^.)tit& (5) It is provided in the exposure apparatus which 

(f)'Myt\&vyfi] £ / t&h&it'-f'7(< has the above, it is a surface positioning 

( 8 ) c7M^iffil-^£>ti'iAt?/:: #> apparatus for putting together the height of the 

^ffiKISIt'Cfcot, y c exposure surface of a photosensitive base plate 

<DW\1E)$Vl<oBy\W$ t t (5) with the image surface of a projection optical 

(8) [cm^XM^^Jt system (8), comprised such that in the fixed 

fifjtojc (24) Jkt$Zoy$gyt$i$l measure point in the measurement area which 

} <c*\- LXl\&yt)kM ( 5 ) is made of an area of the foreground at the time 

£tiZffi<?)T-\vi<DffiJ$£y)ti;Z> of a photosensitive base plate (5) being 

7\\'M9Si^P^O)f^^>»H^^^ scanned to a conjugate light-exposuring_region 

t/ N ~C\ ^)titfe (5) (DVkWJt (24) and this light-exposuring_region about the 

-r : ^ (8) 0)ytWi^\ L Vi't£jj\u\ illumination area and projection optical system 

(T) { \:]tS ^nl-^Sisi^if+SliJ T-Wl (8) of that fixed shape, height measurement 

(6 2 A, 6 9 A) t s )$k%& means to measure the height of a direction 

IS (5) £/£3£ Lfi^V^^^frf} parallel to the optical axis of the projection 

tS^BlttklzXty'fthK&^yfc optical system (8) of a photosensitive base 

om^MiWiWztDfaO)^ ItkMb plate (5) (62A, 69A), the arithmetic means 

RTf&'HtilzJ&^^Xl&yt&tiL which calculates for the difference of the 

(5) <D$ytih\(D-¥-&Jft]ft:tfi?$ average height of the exposure surface of a 

t&WJt-f'-^ ( 8 ) c?M&jin£>& photosensitive base plate (5), and the height of 

£ t (D Xi 5> ~& >k tb & f-i-x the image surface of a projection optical system 

(7 1 A) AtfedRijx^ — i/ (8) based on the maximum value and the 

( 2 ) [Cits ft hti, #i1£T-£x ( 7 minimum value of two or more height measured 
1 A) izX K) & htitz^ results obtained by the height measurement 

£#>^}v-2£^VT, ^jft^U means when the photosensitive base plate (5) 

(5) <D&ts&W&1~Z>&i&f& was scanned (71 A), the height setting stage (4) 

AE^y"— i> (4) b&'H'i'&h which sets up the height of a photosensitive 

(DXfo& 0 base plate (5) based on the difference of the 

height which was provided in the base-plate 
side stage (2), and was found by the arithmetic 
means (71 A), it has these. 
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[fEffl] [OPERATION] 

JWA*6>M£W<7>$ 1 0)W\$rMt& In the surface positioning apparatus of such this 

^^iS^jfj^Tti, (1 invention 1, when scanning mask (12) and a 

2) JtkX^yt^fk^ (5) &\n\M photosensitive base plate (5) synchronously 

LT/fc-fr LTJ$t£.2;!R (5) ± and exposing the pattern image of mask (12) on 

Ci-vx {r (12) go/n^ — MJfe a photosensitive base plate (5), the height of a 

^rS8^£i'<5l>wa^, ^(Ix.r.f^coi: photosensitive base plate (5) is measured in 

&<7)Jjl"l<D^tt\i(f)? l \-Mti£f%t? two or more measure points including the 

&WiV)1iW\tisX*%<D4£&3\'W\ : £ measure point before the direction of the scan 

£x£jt]V N Tf$7fc&$c (5) (D\\f) using the multipoint measurement means. 

£ &MlM~)~Z)o ; ^Lt, ^iib And it calculates for the tilt angle of a 

Wko^i\]\M}UrQ^zi y c^i7&^Uo) photosensitive base plate (5) by acquiring 

i/[^i-fioTlS0i^ \h {§ & several times of height information along the 

#5 - t X '0 % ^7feSfe" ( 5 ) direction which is a scan in the measure point of 

(?MWM&$:#)7>» : tvy\k, 7 c these plurality, respectively. 

c7) J; -) binfrfti When exposing the pattern image of mask (12) 

Jj)c(wV^^ (l 2) — >- to the area to which tilt angle was required such 

fjfe^rS8)t1"SI^^, ftf)>k&fz after that, the tilt angle of the area is set up 

fflUfa^&^^XZoiffityLtDfa based on the tilt angle for which it calculated 

£4#£rix£~)"&3 :tL(: c t 1 beforehand. 

:a y y Y x 3r -v y a^)t^7j:t"v? t> Thereby, the exposure side of a photosensitive 

t&jtMk (5) i'fn^&$ base plate (5) is set up in parallel with the image 

(8) ^^Uiii-^t j '^ax surface of a projection optical system (8) also 

AE:&ii<5 a by a slit scan exposure system. 

[0 0 2 0] [0020] 

4^PJ]~C(±^co J; 9 & u Moreover, when performing such leveling in this 

<< ] J y y&fy 9 If^tc, ^ -v y invention, the response speed of leveling of the 

Jj\li]<D y y < y > ? <D scan direction differs from the response speed 

t , =^r -v y > / of the non-scanning direction leveling. 

&)l&^jM}'$Ckfi*!&ts:^X\<^Z) c In order to demonstrate per effect, the focusing 

r.tt(^ J: Sft^j^jifti-o^^Hjj at the time of slit scan exposure and the error 

x 'J y h x ~V factor of leveling are demonstrated. 
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)'t^y(D7 y*Rlf The following errors can be considered with the 

y ^/c7)j!H2£^|A|(viot^-CiiftHjJ exposure apparatus of a slit scan exposure 

1~3„ *V y h**^yffi±Jj system. 

5Cco^)t^iS:-erJ:, JtAT^it^^ (1) Afocal offset error and a vibration error 

ifi'-^j-A. bfo&v A focal offset error is a difference of the focal 

(1 ) y -a- — # ^ 'A "7 -b: y h risK z£ position of the average surface of an exposure 

Jklffafyh'&'k. side, and the image surface of a projection 

7t-*x^7 ± y }- g{ 2> £ optical system. 

(is ^.^i&ifiO^pl^J^j^ifii t A vibration error is an error resulting from a 

Jt%-&o^&fc\b<Dy * — % Mii. vibration of the direction of a focus of the 

vR.ojfcX'h '0 , t base-plate side stage at the time of carrying out 

^M"Jti'^^))^^W ^"r---iy scanning exposure etc. 

oyy — ^^[HiWjJsSJj^ic^ it divides, when carrying out package exposure 

Hi"5'R^"C#><5o -iti^o^ like a stepper as what only controls an auto 

"C\ ^r— }- y X — x'lWMti !'t focusing, and when exposing by a slit scan 

£rtr ') t> go £ L"C\ x-?7^'- exposure system, and this is demonstrated 

CO J; o !- — fi&S83t-f " <5 •!!; i: , more to a detail. 

7ti- s t iz. % x j: 9 ,r^i 

[0 0 2 1 ] [0021] 

M 1 4 (a) Ci- -4ffiSR)t-t" 5 J i* FIG.14(a) shows the case where package 

£\ 114 (b) (i^y M exposure is carried out, flG.14(b) shows the 

^r-V >'S^')t77.ct"C^7ti"<5 Jfru 1 case where it exposes by a slit scan exposure 

&^-t"„ Ml 4 (a) icfct^C system. 

tt* $#J£&W&)fciiii5 a co# In FIG.14(a), the average surface 34 of 

&}tfiteW\ 3 4 <?M& exposure side 5a of a photosensitive base plate 

rffflv-u-'Sc LTV^-5^\fi:[S':Y a , coincides in the image surface of a projection 

Y b JkTfY c <?> y -a- — jj x -fifS optical system. 

(i^ti-rii-AlIW^^^j^rfn 3 However, the focal position of positions Ya, Yb, 

4 L'Cs - A Z 1 , 0 SO 5 and Yc 

AZ 2/:it^^oTP'So t£o As opposed to the respectively fixed average 

~C\ fuiWY a WY b !-*5it 5 surface 34, - (DELTA) Z1.0 (DELTA) differs only 

y A — iJ-A^r y -fr v V mft t± t from Z2. 

fri^'fri- A Z 2t*fe Therefore, the focal offset errors in positions Ya 
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So and Yb are -(DELTA) Z1 and (DELTA) Z2, 

respectively. 

[ 0 0 2 2] [0022] 

— 2/\ [111 4 (b) Oii^t^li, On the other hand, in the case of FIG.14(b), it is 

x^r-v >jj\\*}\z.&\LXi$yttiti 5 put together by the image surface of a 

a ±co IfK^n^^^ ^J^Jiij 3 projection optical system in order to the scan 

5 A, 3 5B, 3 5C, direction in a series of partial average sides 

35A, 35B, and 35C and. ...on exposure side 5a, 

.lA'i^L^o fi£o~(\ fHv.il Y a , Therefore, the focal offset error in each 

Y bJktfY cX*<ny ~Jr — j3*'A- positions Ya, Yb, and Yc is set to 0 by the 

y hM^ilti^'hW^it balance effect, respectively. 

?)}%:X*0 tt£^> ti L/^L, {iiS However, although the image on a position Yb 

Y b \\0^{i£&M)i%-i' %)0)[c s is formed, a focal position moves between the 
#Jtfri3 5 B^h t : &JRiI 3 5Di height (DELTA) ZB from average side 35B to 
X(DfrhiS A Z B(/)\l\\ £y -A~ — jj average side 35D. 

^i<fMffi$r$)r$~ ~6V')X\ fifSY Therefore, the image on a position Yb will turn 

b l:G0ffe{±, A Z13/:lt7t- into an image with which only ZB (DELTA) had 

# 7s ^/Inji^fibo^ ^rf'f o/cjf unevenness in the direction of a focus. 

l:ioTLi 9 0 {±l\R: Similarly, the image on a position Ya and Yc 

YaWYc AiOii&it^h^ix turns into an image with which only ZA (DELTA) 

y -A- — io 7sjj\\\\\z. A Z KikX^ A and (DELTA) ZB had unevenness in the 

Z B tz\ tfi^o-^ *rJ r $o fef^ic direction of a focus, respectively. 



[0 0 2 3 ] [0023] 

H|Ji3, x y ,y h x A-^r ^SSTfe^y That is, in a slit scan exposure system, a focal 

it(:fct r Cli, y* — fJ7:ty offset error is set to about 0 to the 

-feyhr&7£J2&5 -Ai:Jojj&$cW convexoconcave of the photosensitive 

TWi^^^feiAjWluiHh!^^ Lis substrate surface below a certain constant 

!£0(^5/j\ MWJ^v--^ frequency. 

cou — y ;y-7->^\ "7 However, rolling of the base-plate side stage, 

Jr — 7h'\^) (Z ^j^lnl) COM pitching, a vibration of the direction of a focus 

3Kk cfSi>^(-^ (Z-axis direction), the error component by an 

— h y — jj 7%M$)ki£^'— h auto-focusing mechanism and an auto leveling 

i<"< y >^W$^i£lt£ LT L £ mechanism following a low-frequency air 
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9 Cl b M £ 5^/£/7)c^>, S&TfeTt fluctuation error, wavelength fluctuation of the 

(K r F^A'-v"^ Xs—^Tjt^) short period of exposure lights (KrF 

(D$WMoy{&li'£®}¥f:frK ffiitzft excimer-laser light etc.), etc. produce a new 

(U$MU1£) $r4iT<5 0 error (vibration error). 

[0 0 2 4 ] [0024] 

(2) '7 * — 'Jj xi&Vdf&&.s (2) A focal following error, an air fluctuation 
h i?Uk%., * 7' — i/M$)}ti%7& error, a stage vibration error 

(1)X* J&LTzMffl}$l£kV)Jft<D It is a typical example of the vibration errors 

{&<tfjfc$]Xfo ^ Ztih lt^' which made reference by (1). 

— Y'7 ^- — i) ^^^Jk'Cfir— V These are dependent on the response 
u-<y Z/{fW$v<n\&^^$LWL\Z- frequency of an auto-focusing mechanism and 
#c/7 : i~<3;^ tii-i^ KWri^^iw an auto leveling mechanism. 

^MX^'6 0 However, it can categorize into the following 

(1) MW&xmW\-MK^WH errors further. 

$k^^ — i/M$J}&^/M?tyt(K (1) A high frequency stage vibration error 

r Fx^yvU-f)tl) co i=a uncontrollable by a control system, the 

Mv)i&R'£~$Mife¥F, (2) wavelength fluctuation error of the short period 

IS- €?U1£<D ^ X\ K+M'I * 7- of exposure lights (KrF excimer-laser light etc.), 

— v^iTH£ L'C L i 7 ffijnj^^ etc., (2) The low-frequency air fluctuation error 

(3) y-x — ji which the base-plate side stage follows in an air 
fluctuation error, (3) The measurement error 

^)S , J^^^-(-(itirS^L ; 5/j\ it which does not turn into a focal error since the 

feiH'i x -r — v^s i£ fl£ L & 0) base-plate side stage does not follow, although 

~C\ y -A - w -#*i!8^(w&b&^ contained in the measurement_result of a focal 

ffl'J^I^/^^o position detection system or a tilt-angle 

detection system. 

[0 0 2 5] [0025] 

(3) !$-yt&fc(DMy£ifi^i l -hW^ (3) The error by unevenness of the exposure 
J: 5 lilK/r: side of a photosensitive base plate 
^Wi&fitt, fe^T-^i- <k<5 This error is a surface unit with the 
'M'Jty -i Y1p 2 ^Tc^j^iTii two-dimensional exposure field by a projection 
Wi'C&'k iSTttt-^O^^ra' optical system. 

"CW"7 ;f -v-^xfv.iSwfftiiJ^fr It is an error resulting from being a limited 

</; it+ffli] /,';( ~C II ox y -y !- x measure point and performing measurement of 
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^-V 1 w t t"j|S|iJ the focal position in the exposure surface of a 

i~&tV)PrC& v ) , Hi 2 oco photosensitive base plate at the time of slit scan 

3S>£(i##re# So exposure. 

(1 ) ff'I x. iiN 1 5 (a)M(b) It can categorize into the following two errors. 

(->7<-f J; 5 Hkjft&W)ffijtt (1) As shown in FIG.15(a) and (b), the error of 

Liri 5 a .\-.(D%&X*y * — % y\)L the gap with the focal surface 36A and the ideal 

ifiSrul'iiH'J L'Cfu: j&nf ^*tt*f^ifii focus surface resulting from the calculation 

(7^--/;^c&j) 3 6 ARXf'Z method with respect to the position of the 

6 R £r >k bb 5 Wju* (D ? t |- $JJ,fc (7.){t measure point in the case of measuring and 

WAzft1~&ffi$Jjfclz.£ji\isl'i' aligning a focal position by the multipoint on 

£k : to^y -a — ^7 ^ rfn 3 6 At exposure surface 5a of a photosensitive base 

MMy x-~jJ xiSJ t (f)i^no)£\ plate, and searching for the object surfaces 

25, (2) 7s * v y iiJs; <t h (focal surface) 36A and 36B, (2) A difference 

y — 'JJ x$k$iJb>LX$7i'— b with the flattery speed of the scan speed, an 

y ^^MlH^^t^i^/tc t auto-focusing mechanism, and an auto leveling 

7/ x — jj x{iK^U.i^(D^^i^ mechanism, the error by the response speed of 

X <5 i£ 0 a focal position detection system etc. 

[0 0 2 6] [0026] 

-1 cD4J--n\ y t — fi yhYM&i J x In this case, the response speed in the case of 

^it^-^M%.\i^{^io^^^jf\ putting together a focal position with the image 

<Dli:&]&j£ (y x — jj surface of a projection optical system (focal 

14s 13 1 5 (c) {-tj-^J; 9 ft response) is determined by a time-lag error as 

tftWMiiti&Ah, 1*1 15 (d) shown in FIG.15(c), and the servo gain as 

lo"j<1-J; *) teV—rfVyfyk^ shown in FIG.15(d). 

cfc ty tt£. li|J^> fel 1 5 That is, in FIG.15(c), curvilinear 37A shows the 

(c) CfoPT, |tti#jl3 7 Alt, drive signal for the directions of a focus for 

i$)t^te#>^)tiSi 5 a (?) putting together a series of partial areas of 

;^^ii3^ ^Ji|n^&^)t'-? : ^Wfifc exposure side 5a of a photosensitive base plate 

i5it^^t^ii:^/c^)c7)-7^---y(7^ with the image surface of a projection optical 

)jfi\m<DMW}i£yj (LN-tT^-— system in order (target focus position signal), 

ij 7{<(X£Q &->7< L, ttif/f^ 3 curvilinear 38A shows the signal (flattery focus 

8 Aii s MJtiMo a co — nl5 position signal) which was able to obtain the 

ftiOityiiV) y d~ Jj * Jj\hi^(D& amount of movement to the direction of a focus 

fhm&WMin^^W-^- LX%h of a series of partial areas of exposure side 5a 

infcinTj V&kfjdy -A [Si calculated as the drive signal. 
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iiV4') 'fcTyftv tftl^3 7 AlzM Only fixed time is behind in curvilinear 38A to 

LT^3 8A{± -&<7>H$[Bji£ curvilinear 37A. 

ttK-*vC^5 0 g] 1 5 Similarly, in FIG.15(d), curvilinear 37B is the 

( d ) d&i^T, 3 7 B target focus position signal of a series of partial 

^Tt.ffife'cOffg^ifn 5 a go -Igco region of exposure surface 5a of a 

fttf}ffi&<DF\ffiy* — %x{tii$ photosensitive base plate, curvilinear 38B is the 

^\ ittilS. 3 8 B (i, tfri 5 flattery focus position signal of a series of partial 

a <£> — j&co Wfi^^<nyb$L y * region of exposure surface 5a. 

— l £Xfo *9 . ftt#& 3 The amplitude (servo gain) of curvilinear 38B is 
7 B(:: *j' L'CfftlSt 3 8 B becoming smaller only the constant rate to 

f± 'feRtltf curvilinear 37B. 

[0 0 2 7] [0027] 

4^56 $J go #51 ^)fTii{4[Siix^'^[i: With the surface positioning apparatus of this 

"Cfi, ^ tfx b (DMy£$:$L *9 l& < invention 1 , in order to remove these errors, the 

l"<}) >J?$kffi(?)X3r-Y responsiveness of the scan direction of a 

W/Ii'J W^??t4-: kJ\ : -x -V-t leveling mechanism and the responsiveness of 

[u](/))i^'\'\ : .t Sr^x.'C^<5 ( , the non-scanning direction are changed. 

^fljjiwJ[t<&^— h w< 'J It is premised on the focal position detection 

HtUffl co -ffl'J p*i-x<!r Lt system of a slanting irradiation type multipoint 

(i, iU9l5}roM0 7 as multipoint measurement means for auto 

y-iiL'iftMlli^&wrt&t i"<5 ( > ;£ leveling mechanisms in this invention. 

tz s f^j^-^oy^yty 4 Moreover, the average surface of the exposure 

h*fa0>F$V£<D$ii$X*0)l&yt-&U side of the photosensitive base plate in the fixed 

<?)Mfc\h]VyV-&)fot£\hi%%'fi!irf area in the exposure field of a projection optical 

&<50"Cfi& < x : to~))'f\tLO~y\0^L system is not considered, but it aims at making 

X(DMytibi^^AKti J K^yJt^^ the maximum value of the gap with each point 

^oftrffi t (O'Fiioiffc'Xi&fcifcA^ of the exposure side in the fixed area, and the 

\'£-')~Z> Z 1 9 t Htf<!:i*5 i: Z(D image surface of a projection optical system 

«fc 9 ft&yt¥%V>'MX:7 4 into the minimum. 

— )V K \H(Dvft ae* 0) if\ Ji$ lc & i ^ Thus, in the fixed area in the exposure field of a 
T N ^yt^S.oy^-Jt\ii\^i^^. projection optical system, an exposure field in 
~CcO/£ t yt'T : '&V)W ifii t <D case the maximum value of the gap with almost 
Tfi<D&X\&t^'bT*h&^'n all the points of view of the exposure side of a 
(DMyty 4 K£r ^ (kUT?£y photosensitive base plate and the image 
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4 —jis K (Good Field) J tn^S y surface of a projection optical system is the 

minimum is called "Good field (Good Field)." 

[0 0 2 8 ] [0028] 

5ti\ [21 1 6 (^/f<t~ X o fi, x First, it is assumed that many measure points 

y v hik(?MWm&t&&it¥ (not shown) of a focal position are in the 

^twK! LT^ft^^ y y bik(D conjugate slit exposure field 24 about the slit 

M) l ty 4 -^1/ K 2 4 falzy -a-— illumination region and a projection optical 

j3M<fM<n£%L<n'li\*Wi& system as shown in FIG. 16. 

/TO #><fe<5 t iRTtH'&o G*l 1 6 In FIG. 16, as what scans one shot_region SAy 

[iifcV^T, i^^tStS I:© 1 oco on a photosensitive base plate by speed V / 

i/ a ;y h ij|[Js!c S Aj, 7 h (beta) to a Y-direction to the slit exposure field 

V<vyMyt~7 4 K 2 4 }^>J* L 24, width of the shot_region SAy scan direction 

XY )1^\\z$$&y / /-i 'C/iii^i' is set to WY, width of the non-scanning direction 

<3 fcco <t L~C\ ^> a :y h iifU$ S is set to WX, and width of the scan direction of 

Ay <D x * v/yinl^fe^rW Y , the exposure field 24 is set to D. 

^Ts-^r^ y^j\u\(i^^\N X, M Moreover, by equalizing the focal position in 

%y 4 K 2 4 <D x AM" many measure points in central area 24a in the 

1^}0)^D exposure field 24 

*7 ^ K 2 4 rt<7) + '[>ulU# 2 It calculates for the focal position of the average 

4 a \Ho^%Wo~)\\\'$\&X :7 * surface in the central point of the exposure field 

"JjMtLfc*Vmk-S-K>^b l iZ 24. 

J: *9 , M)ty 4 K 2 4 to 1 1 1 Based on least-square analogue, tilt-angle 

^\^t 5 ^;t'i^^j/j:iAiV;^^-----^ (theta) Y of the scan direction of an average 

xfy/:fS*r>Rto^ ^">t"7^^-yu K surface is calculated from the focal position in 

2 4 ^)7^'V ^^^W^iS^H'l- the measure point in measurement region 

WiW$L 2 4b, 24c facOntiJ 24b,24c of the ends of the scan direction of the 

&XQY7 * — *^fv.{S;,l: ( 0 exposure field 24, based on least-square 

S^-ittfai^^^T^^J^rfii analogue, tilt-angle (theta) x of the 

0)X^-Y >'jjfii0){\&$\'tf} Oy ^ non-scanning direction of an average surface 

Mity «( K 2 4 shall be calculated from the focal position in the 

y ^ y'Jil^oyi^^i^r^'MM^ measure point in measurement region 24b,24c 

2 4b, 24c I A 1^I1PJJ^~C<0 of the ends of the non-scanning direction of the 

y X — jJ xitigtX Oi^/J^.^ii? exposure field 24. 

fiX {lAt^VT > Y-&)$]t£t&oy4)f-^ Moreover, the response frequency of leveling of 

*^yJj\(i}(VitM4i?} 9 X £r-R* the scan direction is set to fm [Hz], and the 
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Z h (£> h 1~ % „ ^'Ais 7nA--\'>- response frequency of leveling of the 

}j\h\0) u-K ]} y ? (J)\&&WW& non-scanning direction is set to fn [Hz], the 

£r f m [II z L * A- -v V Jiffi value of fm and fn is set up independently. 

<d w<v y yvfcmwfe&t: r 

n [Hz] t L-C, f mW f 

[0 0 2 9] [0029] 

L'C iJtlllroy a y f- And the period of the periodic deflection of the 

ftihfc S A jj o~>'A ~V -y l/jj ftco/PO shot_region SAy scan direction on a 

VM'-Jfctiilfr 0 coji:IJ!JI&, photosensitive base plate is expressed with a 

>7j fa^'feW Y (jMA-f >J/ deflection parameter F as a value of a ratio with 

fa\\>W%<D<&\ft '0 if$Ml~®:&1' the width WY of the scan direction (the 

3) t OkkoWb LTllli/5* *) ^ non-scanning direction is also set as a similar 

-^JkUMM deflection period), the focal error in each 

ft lit] # *9 £ £ oy$,%y ^ measure point in the exposure field 24 in case 

■—A' K 2 4 \ K ](D&^-$tkX0) "7 there is the periodic deflection is expressed with 

-A- — #Xrt8#£ N xA--r>L/i the sum of the absolute value of the average 

* — # *i&7£<7>f : &jfg value of the focal error at the time of scanning, 

<D%%W\ * * -y > L fzWjft and 1/3 of the amplitude of the focal error at the 

1) ^?&fco~>UW\<r) l / time of scanning. 

3 t (f)f\\XM~i~ 0 '£tz, rtk/j^J Moreover, the amplitude of the periodic 

'<? * — 9 V oiWWhfaW 1 ) deflection of a deflection parameter F is 

o^W\ f n 1 t-J-MHt ilii/^ normalized to 1, the error parameter S which 

y ^ — 9 ft* \ : X"foZ>k£(D s shows the maximum value of the focal errors in 

-t ii h & v\M )\i ~C(D y -A- — :Jjy- these measure points in case a deflection 
Mfc.o:)\H(D&)sL\\ii£r:-Ji<-f parameter is F is expressed as a ratio with 

y/ — PS& s *) s<y /— respect to the deflection parameter F. 

^ F ld*f-'J" & i-t-t 5 - 1 LXMi\ That is, following Formula is established. 

HP^, fcjZfcrftff. F=The period of deflection / WY 

F = [ft 7); 19 60 JS] #] / W Y (1) 

( 1 ) S=The maximum value of a focal error IF 

s = y * - % xmiio tik k \iv/ (2 ) 

F ( 2 ) 

[0 0 3 0] [0030] 
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[21 1 7 ( a ) f;t, x -> *Y y)J\t>} FIG.17(a), the error parameter S with respect to 

(7) y y o~))Z^<&)z\&%ft f the deflection parameter F when the response 

m, )k'{J^7, AM' y frequency fm of leveling of the scan direction 

y > '/(Dj^W&ifc f n L and the response frequency fn of leveling of the 

< RoA'J \^%k{$<n\\\vfi to /<y non-scanning direction are equal and large is 

/ — 9 V {^k^&&i^s<y ^ — expressed, curve A1 is the error parameter S in 

^S*r^L, illi$&A 1 [±#x Af the non-scanning direction, curve B1 is the 

-V y pj] "C <7) af{ ~}py< y / — V absolute value of the average value of the usual 

S, [ft^B l -v focal error in the error parameter S of the 

(Dlfky^y^y / — 9 S l po)itf\ffi(D non-scanning direction, curve A2 is the error 

y x^/&0)*\''-&Ji&a)%&M parameter S in the scan direction, curve B-2 

fit, [this A 2 Ar A' Wy |mJ"C shows the average value of the usual focal error 

(Dt&j^/^y / — 9 S N [ttil&B 2 in the error parameter S of the scan direction. 

lix*r-Y y1j{p}0)&£y<y / — Curve A1 and curve A2 express the respectively 

9 S *p WM'^co 7 >j- — x more realistic focal error. 

V)'Y'&M&>i-t„ MA l&tf When the value of Meter F is small and the 

llill^A 2 N-Zfc^fricL '0 period of the convexoconcave of an exposure 

fay-* — ^XrUi-^r-Sr^&^L'Cl^ surface is small, the flattery property of a 

<5 (J / ^ P V oH\t& 'l^ t$ < MJt leveling control of the scan direction is bad 

ifc"^|iaiiljcojajW^/h^i^ % [n (curve A2), it turns out that the leveling control 

f;t, 7, -v [hJGO y > ^ of the scan direction comes to follow deflection 

fa] ffil <7D ifi fi£ ft (± < ( rtti ^ A as a concavo-convex period becomes bigger. 

2), PBi^(7)/m]J9|/p AcF < fr<5(w Moreover, since a focal position does not 

o^LT, ^~\-y y )j\tJ\0) i^<y change sequentially like the scan direction to 

yyiW0&\lk & *9 cfc the non-scanning direction, even if the period of 

9 (d&<5 d t /5\-/>/j^<5 (1 ife fc x deflection becomes bigger, it is worse than the 

ft* ^ -Y y ~h'\h] !::.*]■ L T 12 ^ A 1 - flattery property of the scan direction 

A' y h'\*\ 0\t< \^Wky * — ^ (curvilinear A1 ). 

f^i£^£t^/jH^ co As mentioned above, it is desirable for a focal 

/S^l/j^ % < ft o "C ^ % 7 At -V error to become, as a parameter S becomes 0.5 

y^faoy&mtli^m^ {MM orless. 

A 1 ) 0 £XA:0)X. o ^y / — However, the scan direction and the 

VSifiQ. 5J^ Kd^SJ: o \z non-scanning direction are boiled and a focal 

y x~'Jj y 6 d <t y^?? error is large as a whole. 
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-Jj\ HIT 7 (b) ii, *=*r^ On the other hand, it is FIG.17(b), the error 

y%\i*]<DU^y y'/oifc&ffiftL parameter S with respect to a deflection 

& f m/i^H^ ^r-V y^\^0)U^< parameter F when the response frequency fn of 

V y?Ofi^l£]$i$k f n X v ) X leveling of the non-scanning direction is larger 

c? < , \\.^W]hl^)ii$i$k f mS than the response frequency fm of leveling of 

U f nfc/bt$\<^*jfi'<Dtili'/)*tys< the scan direction and both the responses 

y 7^ — 9 V {^M'i'^t^^^y / frequencies fm and fn are small is expressed, 

— ^S&v^L, illiife A 3 li^Nx curve A3 is the error parameter S in the 

3r-Y y^fa^o)&)£/<y non-scanning direction, curve B3 is the absolute 

S, [ftii&B 3 it^y^-y yjj\») value of the average value of the usual focal 

(DM flf <^ 7 -A- — jJ * t&fco) f-&J error of the non-scanning direction, curve A4 is 

lili^A 4 (i^'-^-t the error parameter S in the scan direction, 

yjj \"]X*V)nU1£.'*y / — & S , curve B4 shows the absolute value of the 

ifftl&B 4 [i^-V-v yjjfc]XV)i& average value of the usual focal error in the 

fi'fi0 7 -A- — io *MfrvyV'&M(f) scan direction. 

IfeMfliSr^fV Nl 7 (a) t From the comparison with FIG.17(a) and 

0 17 (b) b<Dlt1fc£*)s li FIG. 17(b), the error parameters of that when a 

li'jcfclb'fi (EI 1 7 (a )) (/)Wt response frequency is almost smaller than the 

■ft £ *) t>lL^J*1&^'h£^ case of a full response (FIG. 17(a)) (FIG. 17(b)) is 

17 (b)) ^(DjJtiK ti close to 0.5, it turns out that a focal error is 

%s<y/~#Sfc0. 5!^iir< small. 

ft o "C Jo 19 , v — ^/ ^itJl^ft This is for the fine point on a photosensitive 

'btSi/^Z kfcftfrZ)* "tilis base plate that accuracy will aggravate in the 

l&yt&tU^oMfi^^miz*-- slit exposure field 24 if an auto leveling 

h y y y :/ iQ f£ -J* 5 mechanism follows unevenly to occur. 

<t , ^ y y hikvyM&y 4 However, since it becomes impossible to follow 

K2 4 \ k ]XWli£^&{ki' ~6 Alft* to the uneven part of a low frequency when a 

WJii'ft'fiitiyVfoZ)* f H L , i& response frequency is made too small, it is 

^Jnji&ft£/h£ < LMts&k* necessary to set a response frequency as a 

Him & 0) ft £ ~C 1 ft suitable value. 
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10 0 3 2] [0032] 

El 1 7 (b) c/)^ij'ect, Moreover, in the example of FIG.17(b), the 

yjj\h}(D y > J /0)ifc response frequency fm of leveling of the scan 

^■W<)0)x f mriMM^-V y'h'ft] direction is set up more highly than the 

0) y > ^0)ii^j£\$i%k f 'n response frequency fn of leveling of the 

ct *9 ia< i&fetS tiTl^<& :) ^ix non-scanning direction. 

i±, |n"J 9 ; '<~y y — ^ Kc7.) Since a period becomes short substantially 

MfrCfcott, y-^^r-X' yjjfi) according to a slit width in the scan direction 

y y MKJ-J^ CX'MfXtf) even if it is the convexoconcave of the same 

{-jSUH^fei < tj:Z)Tz.tib^ A^f i- deflection parameter F, the response frequency 

MytW}O^W\ n \[^&'ifc~t&tztf)0~) for following the convexoconcave of an 
It-^fSlWJkii, J\ : -y AM" > exposure surface good is because it is 

13 i> 'A ^JyinjT'rfeS < necessary to make higher in the scan direction 

>&%iy>h 7 3 fctotr&>5 (J rather than the non-scanning direction. 

[003 3 ] [0033] 

h i^y V^^ti^itl Moreover, the multipoint measurement means 

<D%r&fAWi PBW\ : tV)P)\'&il\1> for auto leveling mechanisms, in two or more 

ikoWM^X^ t ®&Jtt-'& ( 8 ) measure points which are made of two or more 

dBJJ Lt il : fx^ffS ytniyiSK (24) points related the illumination region and 

\h0)W&V)&}kXf>^<DM%t&$& projection optical system (8) of the fixed shape 

7 t ciife$l A Ji^]' LXl&itMfc ( S ) in a conjugate light-exposuring_region (24), and 

two or more points in the region of the 

tf^^^&cfc v ) fy&W$LQ)t\M foreground at the time of a photosensitive base 

fcJiZioh^X, i&JtMk (5) co plate (5) being scanned to the inside of the 

iWi£ ^^"H^H^I'i'JI^Jiifri^ conjugate light-exposuring_region, when 

(i, l'-m0')fA-B\^^^^X\% / j)' measuring the height of a photosensitive base 

i\^\zy :A~--1j y^\tL^:.o^%M^^ plate (5), respectively, in a front measure point, 

fffrix&o ZLti& tft'fflfcfw;^} pre-reading of a focal position is performed 

tW&<> lot, ^iiWtfrW& partially. 

'C9cM&$:tr y "N£* (5c^A:p% This is called "partition pre-reading." 

H) i^it^<T N Mit~i.X\z^^ Therefore, compared with the approach (full 

ffWJ^x'C'^y}- — # ^fV/.fS^ribt pre-reading) of pre-reading in all measure 

^J&SK8cd££ (Ift^^i) >is points, the length at the time of reading a focal 

position with multipoint measurement means by 
exposure (inlet length) is shortened. 
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"fcfc, ^(/)%&i\'M^&fi\ } £ Moreover, the multipoint measurement means, 

(5) oiocj/a y Y in the process which exposes the pattern of 

\&*X^Wk-?^9 (12) o')/< mask (12) in order to one shot_region of a 

% — > '& 'M it "i~ & M ?V- is l ^ photosensitive base plate (5), in changing the 

~T, \Wk%tih®^<D?i\'B\&0) position of the measure point of these plurality 

fviK£:4Mk£ -\t'6Wsrrl^t, $i to order, for example at the terminal portion of 

7L\l^c^ i/ h y b W&wVmi'R'C the shot_region, it pre-reads partition, 

rt^>415td%«^Sr^j^\ ZtDi/a henceforth the center section of the 

y h^^Wl J ite&l)WP$Tii5n^. shot_region, full pre-reading is performed and 

.5tfi)t^*rtTV\ MititilSMiti^ an open control is checked by an exposure 

^^-''f^^Yi^^WM^U' o a position detecting element. 

Zi\\z£*) , u^<yy t/Wg. *r Thereby, where leveling accuracy is maintained 

i^tHfS;(^III^Lfc^#rC% i/ ii with high accuracy, the inlet length in the 

y YW&V)$mUX*<Dty}ifc^M% terminal portion of a shot_region can be 

%LW\ Lt&')tw^^-7°:y h £r shortened, and the throughput of exposure can 

Fa & - t /jS "C §5o be raised. 

[0035] [0035] 

4zftty\<n1K2omifc\F.& Next, the auto-focusing control in the surface 

&^{S^&t*j"<5 h '7^-~ti positioning apparatus of this invention 2 is 

^S'j^](--H^r^W^o hizfe considered. 

& £f "7 4 — K ( Good If the concept of the above-mentioned good 

Field) <Dffli&&\f>L v ) AtlS t , field (Good Field) is taken in, as shown in FIG. 

1*1 1 6 {Lt)<-$- X o v&Xy J 16, a balance of the focal position of each 

-vu K 2 4 + 2 4 a f^60 measure point in center-section 24a of the 

ft?Ml<!\(Dy t- exposure field 24 is treated, and if the surface 

#J4L^SI!*:?to -^coy^- — shown by the average value of the focal position 

x{vM<o¥-fyi\&V'Ft5foZ\fi\ is put together with the image surface of a 

^^^Tt^^^Oittfnl-u* lo^tZ) projection optical system, accuracy may 

«T'li, ^&7j^SWti'5^I^tt aggravate. 

/jvfc^c KU*>, mi 8 (a) f±, That is, FIG.18(a) shows surface 34A 

^)feffit£cO^£ 1 1(7.) [in £[J60&><5 corresponding to the average value of the focal 

Myt i&i 5 a c7) ft- Ifl'iBiJ^cT) :7 ^- — position of each measure point of exposure side 

"t/ ^ {//; "F -Kj fif^C ! c *j' J,^* ^ ' <5 ffii 5a with the concave part of depth H of a 
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3 4A^/"i<U -tcotfii 3 4 A t photosensitive base plate, the difference 

WU k&)7 x — 'JJ* JJ\"\ co A (DELTA) Z3 of the direction of a focus of surface 

Z3I1 II/2 l t^Af</£o 34 A and concave partis bigger than H/2. 

[0 0 3 6 ] [0036] 

^ tK-x't Lt^^lfl (i^o^T On the other hand, in this invention, the 

fi, 3^)ti&j5 a HcDj5t AL^M+ffl'J maximum value and the minimum value of a 

&1$.lH0)ft-£\-Bl&0) "7 focal position of each measure point in the fixed 

ffciSGO** X{\& t Abhfift t measurement region on exposure surface 5a 

#\ ti h ft A1ii!l <t i^hfift <fc ^ are calculated, the surface corresponding to the 

tpWoyy xivMt^Mhfcl' middle focal position of these maximum values 

Z> \ft'£$h&yt^ : '&V)$kW\lz iifc> and the minimum value is adjusted with the 

itiiff J: o Hi'S,, 1*1 1 8 ( b ) image surface of a projection optical system. 

It, l&ft&fotDVKtsnom&W FIG, 18(b) shows surface 34B corresponding to 

h^M'JtWi 5 a iljoit &rH* the middle focal position of maximum-value 

Wi&tn*?* — % MifM<nftiV)l& Z max and minimum value Z min of the focal 

A*#;z max (tiiJ^j^ittZ min ^cD't 1 positions of each measure point in exposure 

ill] 60 '7 — ^^^Vllfit{r.^]-j^;^"-5 surface 5a with the concave part of depth H of a 

ifci 3 4 B i3 4Bf)7 photosensitive base plate, focal position Z 34 b 

^ — # t; {v; [St z 3 4b l"i #c W J: 9 of surface 34B can be expressed as follows. 

iatltmSo Z34B =(Z ma x +Z min )/2 (3) 

Z 34B = ( Z max + Z m j n ) / 2 

(3) 

[0 0 3 7] [0037] 

y cQY\k. y cO)W\ 3 4 After that, it is put together with the image 

'r^coffufiii^ n~^-ti:jA^ti-5„ surface of a projection optical system in surface 

£ , ifii 3 4 B t JKftifil 5 a CO 34B. 

Wtfnko^y jj xjjfiWgA Moreover, the difference (DELTA) Z4 of the 

Z4h 4i3 4 B t -tomtit direction of a focus of surface 34B and the 

(D~7 -A- — fj K'ti\!>\<D'&.k Z 5 t surface of exposure surface 5a and the 

It, ^Ti^'tiiS f£l f/ 2 Ci&o difference (DELTA) Z5 of the direction of a focus 

"C^5„ KP'^s 121 1 8 (a ) (7) of surface 34B and its concave part are H/2, 

tffi 3 4 A l^it^Tl! 18 ( b ) respectively. 

(/M3 4 B(/)h'-/f\ i)tfii5 a That is, that of surface 34B of FIG. 18(b) 
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±0)ftti{cf3rt ft? compared with surface 34A of FIG. 18(a), in 

&<D&#0) < 5 order that the maximum value of the error of the 

fc#), Rtfi-fty A —fc K (Good focal position in each point on exposure surface 

Field) <7.^M^_L"C(i, 4^3PJK- 5a may become smaller, on the concept of a 

X v ) ^Jt&Mo^i s Jtm & cfc v ) \% good field (Good Field), the exposure surface of 
>f-H £5; ^ ^ ^ -'-^ ^ ^ iif ; ^ ^ ^ a photosensitive base plate can be adjusted 

■friA^d <fc#*"C£ 5,, with the image surface of a projection optical 

system more with high accuracy by this 

invention. 

[0038] [0038] 

iEd, Ml 7 (a) <7)J:9(^, As like FIG. 17(a), at the same time it makes the 

x*c-Y >~}j\hl<n w< ] ) y J /<DJ& response frequency fm of leveling of the scan 

^Wf&^k i *m <h^M AM' W/In] direction, and the response frequency fn of 

<DU^<V y ?*<Dlb%$}$\$.%L f n leveling of the non-scanning direction equally 
t L < ,H.o^;# < L'C^ and large and performs an auto leveling control, 

h y y 0 t |nj FT^p the characteristics of the error parameter S with 

SI 1 8 (a) 0) t^jfl^PH respect to the deflection parameter Fat the time 

HS<3< Jr-' hy A- — fi of performing the auto-focusing control based 

Xiilll 8 (b) <J)%cMfcti\k on balance processing of FIG.18(a) or the 

'HitLh CO filing o < 'A~— V auto-focusing control based on the average 

y * — 1j x rfrHft] £r jfe L fzWjft value of the maximum value of FIG. 18(b) and 

<D S itft/p 'o /<y / —j/ v the minimum value are shown in FIG.19(a) and 

ft^fts^ / — $ S^MiSr* (b), respectively. 

ti^ii*! i 9 (a) (b) That is, in FIG.19(a) based on balance 

!-/h1"o H|l^ s ^-i^b^fflicjfi treatment, curve A5 and B5 are the error 

^< W l 9 (a) tr.^ji^'C, ill] parameters S of the non-scanning direction, 

5 &t>'B 5 {'i-^^L-^tL^M respectively, curve A6 and B6 express the error 

-V -V ^ 'Jj fS] W /'V^ y / — ^ parameter S of the scan direction, respectively. 

S N rttiif&A 6&t/B GJi^ft^ Moreover, in FIG.19(b) based on the average 

ti^^-Y W/h'O^r&i^:/ ^ — value of the maximum value and the minimum 

9 S £r-^i" 0 value, curve A7 and B7 are the error 

'Hot t 0) t : ^Jfi£i-ffio < [2] 1 9 parameters S of the non-scanning direction, 

(b ) i:::fc^T, fft/HJiA 7i£t/ respectively, curve A8 and B8 express the error 

B 7 (;t^:tt^ii# ^ -V -v ^^7^ parameter S of the scan direction, respectively. 
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[Sll 9 (b) iOiJj^J:?!:, 

Mi L tz iU-fr \i li , *X (7) iMj # '-9 

* S cd^/jn 0 . 5 Kifc < ft o T 
V * "C h 7 -4- - U 'A ftljftl £ Jfa 

#. (?) ft fi£ ^ 'h £ < ot^ 
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[0039] 

Clearly from FIG. 19(b), when an auto-focusing 
control is performed based on the average 
value of the maximum value and the minimum 
value, while the value of the error parameter S 
is close to 0.5 in all the deflection parameters F, 
i.e., all frequency bands, the maximum value of 
a focal error is becoming smaller compared with 
the case where an auto-focusing control is 
performed based on balance processing. 



[0 0 4 0] 

mi 5 (a) &IM b) 

^ X Y ■? * - -h % ;|;iJ$J 
LtiiM&'M* m 1 5 
( a ) t-z^l- 4; •) M^ti 2 • 

a z a <r>w v zij-fzM-ytm 

5 a L "C , &M\X t <D y * 
— % XitL'&<r>%:& A Z a Wjffi 3 

•Urii^tiS., -Tjs Mti2 • A 
Z a '0 &j\-f-6M%'fi\ 5 

b ii -ft y x - -Jj -a it n co t ■ 

mv<c&<>\, ^-c .ti— b y -a — ii 

7 >i- - * * ftfStoft/h D Mfa 



[0040] 

It returns to FIG. 15(a) and (b), when only an 
auto-focusing control is performed based on the 
average value of the maximum value of a focal 
position and the minimum value which were 
obtained in the measure point in the fixed 
measurement region, as shown in FIG. 15(a), to 
exposure surface 5a which has the deflection of 
amplitude 2*(DELTA) Za, the difference of a 
focal position with the maximum value 
Is adjusted with the image surface of a 
projection optical system in (DELTA)Za surface 
36A. 

While controlling an auto focusing based on the 
average value of the focal position only 
obtained on the other hand in these measure 
points to exposure side 5a which has the 
deflection of amplitude 2*(DELTA) Za 
When an auto leveling control is performed 
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t^^^t X "C h V y ?M based on least-square analogue of the obtained 

$P£rff 0 t , 1 5 ( b ) [Czh- focal position, as shown in FIG.15(b) 

o Jgifria A Z c (> 2 • The difference of the focal position from the 

AZa) oYi^M^x^ck^it^j maximum value within the range of an 

(7)7^-* xWMtV&fc A Z b amplitude (DELTA) Zc (>2*(DELTA) Za) 

(> A Z a ) co cftj 3 6 B7)*#c8£ May be adjusted with the image surface of a 

^^^^Mtniif-ln projection optical system in 

^ t & h '6 o Q£ o X , X- h v (DELTA)Zb(>(DELTA)Za) surface 36B. 

y > / /%M$&\k)\Y^&*pj'uX Therefore, when using an auto leveling 

hiiLhl Lf£\s^M-uXk. ffibti mechanism, or even when not using it, in that 

tz? -A~jJ ^iii'M^i&'M\\Xt& which controls an auto focusing based on the 

/Mil t go "Y'-^Ji&z. At^VT ^t~— average value of the maximum value of a focal 

h y X — 7«MM%:'i / 0 position and the minimum value which were 

^WtlSlfc'htS < <f5 0 obtained, a focal error becomes smaller. 

[0 0 4 1 ] [0041] 

4^~%tfylXtt, — In addition, it is controlling to put with an image 

hYM^nk AiiVz max + "7^- — # surface the surface which becomes settled in 

^{v.fS(73S/jNf[{Vz m i n ) / 2 "C5£ (maximum-value of a focal position Z max + 

it 6L/ri^f^imt-- ^t^iiriA^ J; -) minimum value of a focal position Z min ) / 2 in 

!^if]iJfit(ILT^5/;\ f^V^I this invention. 

Si- cto _ C(ii^)t.1StRco^^cifri However, depending on a device process, the 

5 a (DftXfyX.lW\ii$0>{rftifa(f) depth of focus any of the protrusion part or 

fej\iW£fi*'$^c$fo&^n'i)fo concave part of exposure surface 5a of a 

2>o "C, T^'Aio^iMkMRU photosensitive base plate may be required. 

N£rJ1Jt^C\ 7k&V)<t ?t£tt$i Therefore, it is desirable to perform a control 

ffi^>"C^I'i Z>~7 -A~iJ xftfMz which puts together with an image surface the 

mn <£>tfti '4*1^ mil- In fo*\t& X surface of focal position Z M n which becomes 

^rti'jffll^r? r d t settled in a proration like following Formula 

Z M N= (M • Z max + N • Z m j n ) using the fixed coefficients M and N. 

/ (M+N) (4) Z M N=(M*Z max +N*Z min )/(M+N) (4) 

[0 0 4 2] [0042] 

[mm] [EXAMPLES] 

W K ■'^/it!i^ f Ji-o-J Hereafter, with reference to drawing, it 
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L*Iiiu*r#jKi LtiMlt^o demonstrates per Example of this invention. 

iffe#']fi\ 7- ] ) y Vy-'^^>M% This Example used this invention in the 

k^<J^&W£%*MW*^^'^ Vy auto-focusing mechanism and auto leveling 

-Jr — li 'MMfaTk-fJ^— V \y< !i mechanism of a projection aligner of a slit scan 

V ym$^ 7 £ty\£:Ml\l Ltziy exposure system. 

<n~QhZ>o \M 1 \t&%}&&W)¥i. FIG. 1 shows the projection aligner of this 

i^l'Tt^it^ U Example, in this FIG. 1, the pattern on reticule 

fc^T, m^mti^MiBWiit 12 is illuminated by the illumination area 

T-'&frtiO^ytjtV. LCctSSi (henceforth "a slit illumination area") of the 

ffi<DW9\W$L (WT, y h rectangle by the exposure light EL from the 

VtoMWftibjt} <ti^*)) MJcO illumination optical system by which the 

uf-^jui 2 \\(T)/<9 — yif^ illustration abbreviation was carried out, the 

PJ]£ii, — >0')l%-/j^$t projection exposure of the image of the pattern 

f&yt-?-& 8 LX ty-r,/\ 5 j s carried out on wafer 5 through the projection 

\^&%Mit£nZ>o ^om, 3£ optical system 8. 

-ytftE Lcox 'j : y bfccommm In this case, it synchronizes with reticule 12 

^{c^J'L'C, U^f-^jui 2/^13 being scanned at the fixed speed V in the 

1 oy^\h}[zM' L'CT-HU'^lw] (X direction of a foreground (or other side) to the 

lifilZ vW) -'/iiiM&VXis paper surface of FIG. 1 to the slit illumination 

3ti5tiZ> 1$ L X s area of the exposure light EL, wafer 5 is 

5 fill 1 0)%kif\HcM Ltlnl d i scanned by the other side (or the direction of a 

{R'l wi^T*!) i-^Atii r J^ foreground) to the paper surface of FIG. 1 by 

V / (i ( l / [i l:m&yC*t-& 8 fixed speed V / (beta) (1-/(beta) is the reduction 

oiWi'Hvi^) X'M&^ti&o multiplying factor of the projection optical 

system 8). 

[0 0 4 3 ] [0043] 

u^-^/ui 2i£'C/ r >:^ 5 (DM If the drive system of reticule 12 and wafer 5 is 

i)j^(^o^T^n;j-)-/)ic, demonstrated, it positions the drivable reticule Y 

P^JtWci 9 ±!CY#y/|Mj (U actuation stage 10 on the reticule support stand 

1 (TiMlzmXtejjfi}) ^m®J 9 in the direction of a Y-axis (direction 

I'Jfrft i^f ^/^YSftxr-y perpendicular to the paper surface of FIG. 1), it 

1 0 iSfo, d 60 l/ s f- 9 ^ mounts the reticule micro actuation stage 11 on 

Y%\iW)~A'r — i/ l 0 JrAZ-is^p this reticule Y actuation stage 10, reticule 12 is 

fr'&A^MWi^'r — i/ l 1 Z^iSuS maintained by the vacuum chuck etc. on the 

£ ti , ^ /^k'bWM * v - ^ reticule micro actuation stage 1 1 . 
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i/ 1 1 .hi- v^f-y >v 1 2 The reticule micro actuation stage 11 carries out 

f--V y $ J: v ) %$fi$tiX\*^ position control of reticule 12 to the optic axis of 

So i^-f*^ ^^/J\ l .^®j^7" — the projection optical system 8 within a 

1 1 ii, t^yt'-^ 8 ^)7t f tt!- perpendicular in the X direction, Y-direction, and 
Wt&iiril^rCixI 1 ^^M^W-^i rotation direction (the direction of (theta)) of FIG. 
ti:Xjj\h\, Y )j^lRtf\n}^\Jj\^i 1 parallel to a paper surface, respectively with 

( 0 Jffii) iz^ix^ti'ffljt/^ytfS high accuracy and only a micro amount. 

ItJU.oM^nJK^ v^ "7)V l 2(7; The transfer mirror 21 is arranged on the 

fifSrfiiJ^^rfr *9 o ^ V A-fl&'h reticule micro actuation stage 11, interferometer 

WWiT-T' — i/l I Ailzii^WM 14 arranged on the reticule support stand 9 

2 1 7^RQ[S£ ti, uf-^/uJc^ always monitors the position of the X direction, 
ft 9 l:lz&iW:£titz-\ L $it 1 4 the Y-direction, and the direction of (theta) of the 
tloT, V^B^ix^v^/u^/jNt'jH reticule micro actuation stage 11. 
S^r-y 1 l(DX)j\n\, yjj Positional-information S1 obtained by 

0 o:> interferometer 14 is supplied to main-control 

£tvC^6 0 X-Wfb 1 4^J:«9 group 22A. 

%2 2 A^(fe^5tLTV^„ 

[0 0 4 4 ] [0044] 

r >^^ N jcf^ l ±!^;i, On the other hand, on the wafer support stand 

Y# )j\*\\^WM\ f.ltF.ft ^ XA Y 1, it mounts the drivable wafer Y-axis actuation 

WM$J)^*T--i/ 2 d^iS^^i, stage 2 in the direction of a Y-axis, it mounts the 

^<D L^X^Jjlhll^WMtltr-Jj: wafer X-axis actuation stage 3 drivable in the 

V^/^XMhWMxy 2 - — i/ 3 direction of the X-axis on it, z leveling stage 4 is 

y cO kMZ l"< ] J ytf provided on it, wafer 5 is maintained by the 

is 4 j btL, Z.0)Z vacuum suction on this Z leveling stage 4. 

U y / /xf-y4 r >^. The transfer mirror 7 is fixed also on Z leveling 

^ 5 tf&?FM$tt~ k ot(^ £ stage 4, interferometer 13 arranged outside 

tiT^<5 ; > zu^'jy^r- monitors the position of the X direction, the 

y4 Liz h 7 Y-direction, and the direction of (theta) of Z 

^p|U-EiW$Ti/r.-t : ^jf|- 1 leveling stage 4, the positional information 

3 X *9 , ZU^yy^^T- acquired by interferometer 13 is also supplied to 
v ? 4(7)X*"[m], YJ/lnj&tfO A" main-control group 22A. 

h'O^te i^/j^ ^ ^ — £ ti, Tffi Main-control group 22A controls an operation of 

iff 1 3 lz£ 19 ft ■'htitziiL&H^L the whole apparatus while controlling a 
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tiftffj^i^ 2 2 Air{it-#u£ftT positioning operation of the wafer Y-axis 
V N 2>c: irffijt$^2 2 Af'j\ C 7 ^ actuation stage 2, the wafer X-axis actuation 
^S&4!)2£iS 2 2 LT r> stage 3, and Z leveling stage 4 through wafer 

xaY IAS* SJj x r — 2 , !> -t. drive-unit 22B etc. 



[0 0 4 5] [0045] 

ife/t, ^^MH'J^Ti^t- 1 3 !l Moreover, in order to take correspondence of 

J: o X3\'B\ £ ft & M J; 9 AW the wafer system of coordinates specified by 

& & ft& r >^ /N J^:^5S <t x 1^7^ the coordinates measured by interferometer 13 

$ /Wll'J^T^n I* 1 4[c£ o "C til - by the side of a wafer, and the reticule system of 

ffl'j £ ft & i: <9 #A/£ £ i t -5 coordinates specified by the coordinates 

y^'J MM^or$$fc& t 5 measured by interferometer 14 by the side of a 

Z U"< y y^'x/— /4 reticule, the reference mark board 6 is being 

i:(7) r>zn/N 5 tOi£rf£i-S^~^~ fixed near wafer 5 on Z leveling stage 4. 

^fei 6 /j^^Ati Sti'Cl^o -ico Various reference marks are formed on this 

KiJSv — ^ 6 ±!-rt^'ffi)£^ reference mark board 6. 

v — 9 ftTi^<5 0 Clft In these reference marks, the reference mark 

bCOAt^-v — ^ c;)^! uriz i^^< currently illuminated from the back side by the 

l J yV xT-'i? 4M^*$frtitz illumination light led to the Z leveling stage 4 

MWft'iZkty&W^^WM&ti side, i.e., a luminescent reference mark, is 

T^itf^v-^, BHt>%». provided. 

[0 0 4 6] [0046] 

4:$1<V U f- ^ 1 2 co hJjlz. The reticule alignment microscopes 19 and 20 

(A, S'^i-^ — .liOiiii^"^ for observing simultaneously the reference 

-^i l/f^/H 2iOv-^ mark on the reference mark board 6 and the 

t &"[M]H'.'f f- ftco u-J- mark on reticule 12 are equipped above reticule 

? jv T y <1 / y h mUift l 9 & 12 of this example. 

1^20 fcl&iim&tiX^^&o "GO In this case, the deviation mirrors 15 and 16 for 

JJHh L^f ^/H 2 fr^oMlW leading the detection light from reticule 12 to the 
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Jtlk^tfri^ftiy-? 9 >^~T y 4 ^ reticule alignment microscopes 19 and 20, 

y YWSkffi. 1 9 RXJ2 0 {z>g.< respectively are arranged movably, if an 

fc#>GOfiiHliJ] x y~- 1 5&tM 6 exposure sequence is started, the deviation 

fr&'fyfetMZfiiW&fo, $%%y mirrors 15 and 16 will shunt with the mirror drive 

— tryxfffimift tsitiZ) t , -F.l|i!j units 17 and 18 under the command from 

W&2 2 A h <D $a -fj- cD <t) h main-control group 22A, respectively. 

t\ $ v-mshVM i 7 i^r^ i 

5 ACM 6 tfM£ii3 ; , 

[0 0 4 7 ] [0047] 

H] 1 cD* 'J h X-Y--V y^'iC^D It equips with the oblique-incidence type 

&%<Wt-MW.^, HI2 O&t/l&l multipoint focus position detection system of the 

2 1 L'C'sftiJB LtiV£&)j conventional system demonstrated to the 

RiDffll&Xft-Wloy &,<k 7 r4 —7J projection aligner of the slit scan system of FIG. 

x<ifMtfi\l\W< %>c (1 U 1 with reference to FIG.20 and FIG.21. 

.kW\<r)%r& 7 -A- — iJ ^f^'.iSl^tii However, while the multipoint focus position 

Wilt, n IM .t\ <D flA] f jc s ^ {#] X. detection system of this example has more 

'') h^^b&K* RriPJ.ftcDffli^ numbers of a measure point than a prior art 

WL-ktS nt^5„ l#l 2 (b) example, the arrangement of a measure point is 

II, Pt|2 1 (b) cosyecrv^ devised. 

— y&hWj. 6 2 i-ix-Ji.^f-^^^] FIG.2(b) shows pattern form board-forming 62A 
(/)/< V — y~& u%$i 6 2A£r'T< of this example corresponding to the 

(21 2 (b) !'-/F-<t"4; conventional pattern form board forming 62 of 

^->-jlMfe(6 2 AoofS 1 n FIG.21(b), nine slit opening patterns 

fK;ii9ttC)xy y hifcfiOlffln 72-1 1-72-1 9 are formed in the 1st row of pattern 

/n^ — v 7 2 - 1 1—72-1 form board-forming 62A as shown in FIG.2(b), 

9 ji^ffM S ti s #5 2 £ij U 5 nine opening patterns 72-12-72-59 are formed 

FJ Id t> iti^f H 9 flijcDltf] n ^ also in 2nd row-5th row, respectively. 

9 — yi 2 — 1 2 ~ 7 2 — 5 9 That is, 45 slit opening patterns are formed in 

^flMitra^,, lip*j, pattern form board-forming 62A in total, the 

— yy&l$M§ 2 Aldli % v\i\'Q image of these slit opening patterns is aslant 
4 5 illlcD * li y h )R"CD(]3 1 1 ^ V projected on the exposure surface of wafer 5 of 
->/WfM£ tiX& *) , ZHb FIG. 1 to the X-axis and a Y-axis. 

(DxV-y !-$cD|!EIi y(f) 
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x Y to *f LXWiC 

[0 0 4 8] [0048] 

&*|2 (a) ii s Jf\^\0')^eXQ'- FIG.2(a) shows the exposure side of wafer 5 of 

8 (jyf'^O r > :n/N 5 <njjg)fciiii the downward direction of the projection optical 

4-/"j< L, lf)N 2 ( a ) i-ifci/^ system 8 of this example, in this FIG.2(a), the 

t\ 8 wRfwifl pattern of reticule 12 of FIG. 1 is exposed in the 

» 2 3 ^rtSc-t"^ X^inj^M exposure field 24 of a rectangle long to the X 

^^MO'MK.y -f — >^ K 2 4 i*i direction inscribed in the circular illumination 

i^|P<| l <D V1~0 iv\ 2<D/<# — visual field 23 of the projection optical system 8, 

yfr'Myt&Hs ZOMyty j — wafer 5 is scanned by the Y-direction to this 

)V Y 2 4C^LXY jj |»] # ;v- exposure field 24 (scan). 

5 frMfa %--y c5tL-6„ By the multipoint focus position detection 

fc\^0)%f,iy ir-'iJ *{\Lv£t&ft system of this example, nine measure-point 

^(-i:^ M%y A K2 4 AF11-AF(s)19 of a 1st row, measure-point 

<DY )jfr\<D_YMo)Tt)j$\\cWX$ AF21-AF29 of a 2nd row which were extended 

tzft'j 1 yijw 9 flaoifl-jHfJ/A A F l to the X direction of the Y-direction top side of 

l~AFl 9, %'i 2 the exposure field 24, measure-point 

A F 2 1 - A F 2 9 , SR^? AF31-AF39 of the 3rd row in the exposure field 

->v K 2 4 fft 3 y\oM-'M& 24, measure-point AF41-AF49 of the 4th row of 

A F 3 1 ~ A F 3 9 N -i the Y-direction bottom of the exposure field 24, 

— ;u K 2 4 co y ^7|n] wTWi)©^" and measure-point AF51-AF59 of a 5th row, the 

4 #i|cOnfrij,fr.A F 4 l ~ A F 4 image of a respectively slit opening pattern is 

9 fkXf% 5 ?iJ(7Vif+ffliJ,',V; A F 5 1 projected on the above. 
~A F 5 9 {--^tL^'tL^ !J'7h 

WW n / < * £ 

[0 0 4 9] [0049] 

lsg 2 (c) tf % FIG.2(c) shows photodetector 69A of the 

— % y>by.&tik\\\%V)'x.yt%ir 6 9 multipoint focus position detection system of 

A&vfL, ;W'x)fcS5 6 9A h this example, nine light receiving elements 

Mtft 1 ?'J Fl 9 flSI<Z)£)fc3S?- 75-11-75-19 are arranged on this photodetector 

75 — 1 1 ~ 7 5 — 1 V /fulfil 69A at 1st row, nine light receiving elements 

£tL, 2B 2 W fl — #T5 5 H t\ id *> 75-12-75-59 are arranged also at 2nd row-5th 
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Zti^ti 9 t*]60Sbt^ '{■ 7 5- row, respectively. 

1 2 ~ 7 5 - 5 9 /pfig|g£jh/c That is, 45 light receiving elements are 

V^3o Wh, &:)fc?S6 9 Aii;;t, arranged in total by photodetector 69A, slit 

SilM^&ytM /^fii^J dapple (illustration abbreviation) is arranged on 

$tiTfc*9, ^jVM T-h^n each light receiving element. 

7 y y htfccogf 0 Moreover, it re-image-forms the image of the slit 

^fidK&ft~Cl^& 3 -^rti opening pattern projected on these 

7 5-1 1 — 7 5 - light-receiving-elements 75-11-75 -59 at 

5 9 L(^-ix^l[§] 2 (a) W measure-point AF11-AF59 of FIG.2(a), 

g+fflM; A K 1 I-AF59 (cS respectively. 

&£Ktz* y h^cofcln/^ And on light-receiver 69A, the position of each 

~y(ni^fcffiikt5 n£o y cL image which it re-image-formed vibrates the 

"C\ r >-^^ 5 (DMfciluX&tyi^ light reflected in respect of exposure of wafer 5 

titz$t%, 13 2 0 (7.)Mfe^*|nl& in the RD direction which is a width direction of 

6 7 ic&j^i" 6}Hi1$#x~C|g] dapple by carrying out rotational vibration by the 

$rM$))i*^ r_ t X\ :x-)t§tf6 9 diaphragm corresponding to the 

A>.TiiWI&jft c^Lf: ^fftcofA rotation-direction diaphragm 67 of FIG. 20. 
*9 WtB^/ffiJ-efc <3 R D 

[0 0 5 0] [0050] 

%r3kyt~M r 7 5 — 1 1—75- The detecting signal of each light receiving 

5 9<Dm\te;#fc$y/ f &®MU element 75-11-75-59 is supplied to 

7 J A(r.f^n£n. fH'/^fS'^ signal-processing apparatus 71 A, in signal 

i'fi'7 1 AXli-Zti^iifofflilliiil provision apparatus 71A, the synchronous 

^j'^\^ l UM^M^^yir t ^yX^\ detection of each detecting signal is carried out 

M%k$L~$~ 5 - £ ct <9 N l > by the signal of a rotational-vibration frequency. 

hO^fitlJj^A F 1 l^AF 5 This generates 45 focal signals corresponding 

9 co "7 ^".*x{//;i?L(r^]'i^1 "6 to the focal position of measure-point 

4 5fmy *-fjMf^s&^Jii AF11-AF59 on a wafer, from the fixed focal 

U ^tib 4 5M<V7*-~ tiy- signal of these 45 focal signals as 

{f\ o-v)\^0)Tfi'£(r)y — after-mentioned, the tilt angle (leveling angle) 

*? f&iEcoj; (c, #:.r. />*<?:> and the average focal position of an exposure 

'M%W\0^Mji\ ( y > iff\) surface of a wafer are computed. 

RW\' : &Mf£ 7 * — The leveling angle and the focal position which 

^iL)"j"7)o Z.tibu\'Blt$titzi/ were these-measured are supplied to 
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-y — % main-control group 22A of FIG. 1, main-control 

<i&l l <D +M$$% 2 2 A V^mt group 22A performs the leveling angle of wafer 

.¥M'$& 2 2 Ail, ^co 5, and a setup of a focal position through 

fftln tSfttl ^ y y?falkX$y drive-unit 22B and Z leveling stage 4 based on 

~A{\±fi\z3&^5\j^XWM^ the leveling angle and focal position which were 

R2 2BMZU^!Jy^r supplied. 
— v>4 Lr r >-*-r-^5co 

[0 0 51] [0051] 

iJoT, >M^JT*i;tI*| 2 (a) (- Therefore, in this example, all the focal 

,T<1'4 5{m>£/C(?)fW\}!lAi' positions of measure-point AF11-AF59 of 45 

1 1~AF5 9 co y -a — 'Ji ~Mv\ pieces shown in FIG.2(a) are measurable. 

iK*rnhPJi"<5 - dr^'C^ -6., ffcL However, as shown in FIG. 3 in this example, 

&m~Ciit, 1*1 3 J; 9 the position of the point (henceforth a "sample 

ii x ^rc/N^y; A' V^fnjj^j^ point") which actually measures a focal position 

^X^ttih 4 5 f[£lco jl7]!'J/-A r )- , ~C all over these 45 measure points according to 

^B^jsi y -A' ~ # y{~i\$:%:i\'Mi~ the scan direction of a wafer is changed. 

'6,ii (J£A h\ tv^ As an example as shown in FIG.3(a), when 

o) ^fiiW^ScX.Tt ^ 0 — ftfl scanning a wafer to a Y-direction to the 

t LT, 12! 3 (a) (C/j^-j; -) exposure field 24, and when partition 

$&%y A K 2 4{zM L pre-reading like the after-mentioned is 

T Y.Jyiw]i£ r >^^£r.x ^--v y-j- performed, odd-numbered measure-point 

Z>W&'C\ li o&iR(/)4; ') t£ft AF21.AF23,- ■ • - ( AF29 in the measure point of 

M^J^&tTO^tifi, %2 2nd row 25B and even-numbered 

*AJ2 5 Bo^m^^frik^tt measure-point AF32,AF34, • - • * ,AF38 in the 

WS+jHM; A F 2 1 , A F 2 3 , exposure field 24 become a sample point. 

— , AF 2 9&'^il'7^- Moreover, when scanning a wafer to - 

K 2 4 l*]£>fffl$tffc U co^zB'hfe Y-direction to the exposure field 24 as shown in 

A F 3 2 , A F 3 4 , — , A FIG.3(b), and when performing partition 

F 3 ~/^>% btc&o i pre-reading like the after-mentioned, the 

fz, |x]3 (b) (Oi^j-J: -) !i N odd-numbered measure points AF41, AF43...., 

v$ity -f —A- K 2 4 d*t LT~ AF49 in the measure point of 4th row 25D and 

Yfj\h)\L^^j^p^-^^y^'6 the even-numbered measure points AF32, 

J»ftT\ fi.of^^c/) J: 9 AF34... M AF38 in the exposure field 24 turn into 
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ftix^frftoWj-u^tt, Jf5 4*iJ a sample point. 

2 5 D <d Mm 4 1 <D r1H&# H <o 

^tillfeAF 4 1, AF 4 3, 

■ •, AF 4 9RV<M^ty^-^ 

K 2 4 R c/)g+?l^ A 

F 3 2 , AF 34, ■ • ■ - , A F 

[ 0 0 5 2 ] [0052] 

^l^^t >S&)tf$ Furthermore, since the measured result of the 

y ^- — ~JJ x {tt [if <D Iff M &!/ 3£ focal position at the time of slit scan exposure 

fy:£-/^iM<DXy~~ v^M varies sequentially according to the transfer 

&MA^hb £ XWkflit LT^< coordinates of the stage by the side of a wafer, 

tztf)^ x:i'ih~7 % — fj xftLffitD the measured result of these focus position is 

iWlUi^lt^ x 7- — i/<D x 'X- ir stored in the memory unit in main-control group 

yJj^m^MRWY-y-'^-Y y/S 22A of FIG 1 as a 2-dimensional map which is 

\ti]0^\'M^om^ X 9 teZ 2 Ik made of coordinates of the scan direction of a 

y "ft L'CW 1 (D^M'M stage, and coordinates of the measure point of 

I22A F^lcOgH'tS^iSJ-^tg £ the non-scanning direction. 

tiS D dcod: i {^Z\i\&t$iitzi\- Thus, the focal position and leveling angle of a 

iJ£n^£/-fH N ~C\ $?)fcH$GO#:x wafer at the time of exposure are computed 

'W) X — x T>* y using the stored measured result. 

yy ff\fi^%\ti£fi'&« Lt\ And when actually actuating Z leveling stage 4 

-Mhi^A 1 coz u-^y of FIG. 1 and setting up the focal position and 

4 ~&%W)VX ^^oy^-Jt leveling angle of an exposure side of a wafer, 

iEjgo 7 -a- — # xfv;|g$c u-^< y according to a measured result, an operation of 

£nx£1~&Sf£fis (i+S'l Z leveling stage 4 is controlled by an open loop 

%\\%\z. % ott- 7" y /u- XMiiJ control. 

#(lfc J; *9 Z l/^< y y X'Xx — v-' In this case, exposure in the exposure field 24 is 

4 ^)$i{f^^-f|i»j^l$i'i5o CK^ii performed based on the result measured 
-ft, ^W^M^%\^%-5 beforehand. 

^X%%~J A~>^ K2 4I^IT*£D That is, measurement of the focal position of 

'Mjt'/Nyirh&oWhAxiA ( a ) area 26 on a wafer is performed as shown in 

d/*-J-cfc 5fw, f>'Jx.«^2?ij2 FIG.4(a) at the fixed sampling point of the 

5 B o^\-M&vy)Yr'/£Vy ] )~ >y n y measure point of for example, 2nd row 25B, 
y ^- r -^l:cofi!J$ 2 6 (D when area 26 on a wafer reaches in the 



9/26/2003 



43/93 



(C) DERWENT 



JP6-283403-A THOMSON 



DERWENT 

y — jJ xiv'MviM'Mfc'i ii'> exposure field 24 as shown in FIG.4(b) after 

tu %<D'ifk\*\ 4 ( b ) d/rc-J" J; that, based on the measured result in FIG.4(a), 

9!- t ) :r -^l^i2 6^i)t the focusing of area 26 on a wafer and a 

y j —>v K 2 4 \z ii' Lt^tts leveling control are performed. 

d, m4 (a) 'cormm^ 

07t-*y>^'WK!) y 

[0 0 5 3] [0053] 

HI 5 [i^#<j(?)Z JJ s y '/'Ay' FIG. 5 shows Z leveling stage 4 of this example, 

— 4 R TJ^ " co [frj '0 & £r >7< L N and this control system, in this FIG. 5, the 
CI cof^i 5 Hisv^C, Z l"<y > upper-face member of Z leveling stage 4 is 
tfX'f~'i? 4 cDi-JiiiMliTifii supported through three fulcra 28A-28C on the 
%W Kii 3 $\oy£M 2 8 A — 2 undersurface member, each fulcrum 28A - 28C 
8 C L"C3cf'f £ iiXis , can be expanded now in the direction of a 

2 8 A~ 2 8 C ft^tn^ focus, respectively, 

tiy * — 'Jo x^lnjdfil'^'C^ 6 By adjusting each fulcrum 28A - 28C expansion 

J: ') d ^ott ^ £ (; 2 8 amount, tilt-angle (theta) Y of the focal position 

A — 2 8 Co^i\\\$ti&&?Mii'& of the exposure side of wafer 5 on Z leveling 

^ t Hct *9 x Z u-^y y/x-r stage 4 and the scan direction and tilt-angle 

— y 4 ,\\0~)0 (7)38)fcifiiGO (theta) x of the non-scanning direction can be 
y -a- — # x !)/; [£/; s x -V -v ^ |6J set as a desired value. 

o^tmftOyRmt-A^-YyJj Near fulcrum 28A - 28C, height sensor 

l>V>M#4ft Ox '&}F\Q<F>$UC'&. 29A-29C which can respectively measure the 

Z t &X £ 5, 2 displacement amount of the direction of a focus 

8 A- 2 8 C (Diirif'iZrtZ^e of each fulcrum with the resolution of about 0.01 

tu fr & <Dy* — jjx J J [w] (D micrometer is attached . 

^f4HS£$Jx.(7£o. 0 l ju mf>; In addition, it may establish independently the 

iK^^/^nb'C^I S'l'C^ <5iWj &ir highly accurate mechanism in which a stroke is 

y~V"— 2 9 A— 2 9 CfMU *0 ft longer, as a positioning mechanism to the 

11 b$'iX\/^Z> 0 ftfc, y — direction of a focus (Z direction). 

-yii^\ (zyji»]) ^<D{&mtk#> 

S i ^ »U ii S3: ct X 
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X l"< ] ) y yxf- — i/ A co in order to control a leveling operation of Z 

y yyty\iX-&M\®~f&t^\'C-, leveling stage 4, main-control group 22A 

'■$MW& 2 2 A (1-7 ^ yu^ i'fiS 3 supplies tilt-angle (theta) x which should set up 

0 ARZP 3 0 B ItZZtiZ'tiM* the non-scanning direction and tilt-angle (theta) 

VC^W^-^'^^-'A y )j\»\oy& Y which should set up the scan direction which 

fe't-^ZMUft 6x ifcO^AM' varies to the filter parts 30A and 30B every 

y frjn) <0 iix % fi$4^3 W y moment, respectively. 

&mutZ>o ? -i 3 0 A The filter parts 30A and 30B supply the tilt angle 

Tklf 3 0 R (i^-ft-eft %t£ 6 ~7 filtered and obtained in a filter property different, 

4 >v $ ^rW.'^y -i >\s9 y >-^"L respectively to an arithmeric_section 31, 

X%hKtzWM&W\$-MZ 1 main-control group 22A supplies the 

l-fttl£U 2 2 A{iy& coordinates W of the area made into the 

» 3 1 |;tt <>:r.'N 5 .bcOM exposure object on wafer 5 (X, Y) to an 

MMt 1 1 • K> «0J&$ W ( X , arithmeric_section 31 . 

Y) £{&$H'5 0 3 1 ii N An arithmeric_section 31 supplies the 

M*.tS'W (X, Y) S^2owM information on the displacement amount which 

$ ; ^j!^^"5l/>'Cl<©]i'ffi 3 2 A~ should be set as drive-part 32A-32C based on 

3 2 C ',Cf&7i£-f'<£ '£{iL&(Dffi Coordinates W (X, Y) and two tilt angle. 

{H&lfci&l'&o KWMhiK 3 2 A The information on the present height of height 

~3 2C'M-£ti : t'ti\'sii&±y sensor 29A-29C to fulcrum 29A-29C is also 

U— 2 9 A~2 i)Cfrkt.ti2 supplied to each drive-part 32A - 32C, 

9 A~ 2 9 C co?M:CO^ £ coffi respectively, each drive-part 32A - 32C sets the 

®t i> fftln $ ft, MM 3 2 A height of fulcrum 29A-29C as the height set as 

~ 3 2 C l'X J £j?i ; £'}i~%& 2 9 A the arithmeric_section 31, respectively. 
~2 9C(Ofli &$fwft$3 1 
fiS>t ^ft/tih', $ 

[0 0 5 5] ZtlU.X v ) , [0055] 

^ 5 cog^)tiflico>. A u -v y)j\»W) Thereby, the tilt angle of the scan direction of 

i$.$[fiiRXf#*$-'Yy)Jl(>)(DM the exposure surface of wafer 5 and the tilt 

$$ftft*cK*cbi)f^.oy\\iiAc '&'ni angle of the non-scanning direction are set as a 

£ ft & #\ Z. CO l£ Id y -i 9 U desired value, respectively. 

3 0 AW3 0 B coM4-:co#iifi However, at this point, it is alike and the 

{zX V J \ .x A'- -v > <D i"< y response frequency fm of leveling of the scan 
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V^Wl^JsIM f m [Hz] direction [Hz] is higher set up by the difference 

x -y JJ of the property of the filter parts 30A and 30B 

iSfJE f n [Hz] J; t> rather than the response speed fn of leveling of 

isj#> {C'iU'M £ 2vC ^ — M i: the non-scanning direction [Hz], 

L~C x -v >)j\ul<J) i"< D y'Z The response frequency fm of leveling of the 

^li^fSi^^k I ' m(A 1 OIIz, scan direction is 10Hz as an example, the 

-V-v yy/|i<]oO ^ y yy<D response speed fn of leveling of the 

l^#.iifl< f n It 2 II z 7:foZ>. r , non-scanning direction is 2Hz. 

[0 0 5 6] [0056] 

£.tz. s 2 8 A, 2 8 B&(/ Moreover, when the position where Fulcra 28A, 

2 8 Cri»fidi££*iT^5ft:ig£ 28B, and 28C are arranged is called the 

^x^SsDj/aT L 1 , TL2 actuating points TL1, TL2, and TL3, 

BclfT L 3 tWSt, WM&T respectively, it is, the actuating points TL1 and 

L 1 SO'TL 2 (t YtoMWrft TL2 are arranged on 1 linear parallel to a Y-axis, 

1 fiMt.'^'fiifgtsH, f&ffli&T the actuating point TL 3 is positioned on a 

L 3 (iifcl/LftT I. U T L 2 ir perpendicular dividing two equal parts line with 

oymW. 2 hdfV.ig L "C ^ the actuating points TL1 and TL2. 

&o LT> j^^)t'7-?si-<t & And if the slit exposure field 24 by a projection 

* y y YtfWWity-i— ^ K2 optical system shall be positioned on 

4 ^xASj-.Cv'uyh &i shot_region SAj, on wafer 5, when it will control 
J$ S Aij .l-.i-iv.iS L"CV N -5 leveling of wafer 5 by this example through 
i:-f-5<t, 4^M'Cii, £,&2 8 fulcrum 28A-28C, the shot_region SAy focus 
A~ 2 8 C L'C r >:T.^N 5 co position does not change. 

y y '/fflUfc'tt ?$&\c s ?c Therefore, it is carried out in the form which the 

co i/ y y h ftjfrjt S Ay <D y * — leveling control and the focal control separated. 

^{ilWJt'Mik (fot, Moreover, a setup of the focal position of the 

u-^y y'/Mfflbyjr — jJ^M exposure side of wafer 5 is performed when 

Mt ftftfi L X only the same amount displaces three fulcra 

9^^o"CV^ 0 28A-28C. 

5 «$fti&j<D :/ * ~ti xfi fgco 
r& u Ak'(i, 3 flS|<7)£j£ 2 8 A - 2 
SC^IclDi /c it 'AW S -ti: 6 d 

[0 0 5 7 ] [0057] 

&(c:, .£#iJco y >"^fjfi-:& Next, it demonstrates to a detail per a leveling 
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X^y * — Jj yy ^®jff : i-o^ ( ff- operation of this example, and focusing 

miami-&« 5fci\ operation. 

^lli^itM^RXJy — v> First, the method of computing the tilt angle for 

yffl<F>7jt~fJMvM<F>%\\\ik leveling and the focal position for focusing is 

Sr/T<^ 0 shown. 

(A) <D%iHWi (A) The method of computing tilt angle 

|*I4 (ii/jv^cfc -} fr?^>JHPJ] As shown in FIG. 4, in the measure point of 

^Jvi&t^C^M 3r-v >)J\\t)0)m each row, the x coordinate of the m-th sample 

# U co-tf* > yjisticD X 5r X point of the non-scanning direction is made into 

m , 7s -t yjj fn](D n # U (Df- X m , and the y coordinate of the sample point of 

y 7° ^ ,i\ <D Y )_¥. tK- & Y n <t L the nth of the scan direction is made into Y n , the 

~C\ XJ$.t$X m Rty : YfaM Y n value of the focal position measured at the 

o^'fyy^;^}\l^iY§\^ntzy t sample point of x-coordinate X m and 

— # 7{v\\&0)j]U& A F (X m , y-coordinate Y n is expressed with AF (X m 

Y n ) -C^~r o + Y n ). 

y )j\u\o^ ii-y 7$: Moreover, the number of samples of the 

-Y y )j\^]^yyy^ y > N non-scanning direction is set to M, and the next 

t Lt, ^>'/&^^7 9o f n -L> calculation is performed by setting the number 

fn#i1£ Z m [i^^-miil^l'S 1 of sampling of the scan direction to N. 

— MiTrOfn^r^^o However, a sum calculation (SIGMA) m 

expresses the sum to 1-M about Subscript m. 

[0 0 5 8 ] [0058] 

SX = I m X m , SX2-£ m SX=(SIGMA) m X m , SX=[ 2] (SIGMA) m X m 2 , 

X m 2 , SMZ = 2 m AF (X m , SMZ=(SIGMA) mAF(X m Y n ), 

Y n ), SXZ=(SIGMA) m (AF(X m , Y n )*X m (5) 

SXZ = I m (AF (X m , Similarly, a sum calculation (SIGMA) n 

Y n )*X m ) (5) performs the next calculation as a thing 

Mt^L, fir#*J¥ 2 n n showing the sum to 1-N about Subscript n. 

tJB1'5 1 -N*TWfll4r-*"t-^ SY=(SIGMA) n Y n , SY=[ 2] (SIGMA) n Y n 2 , 

0>kLX s 9t<Offi%.&'ir?o SNZ=(SIGMA) n AF(X m Y n ,) 

SY-I n Y n , SY2 = I n SYZ=(SIGMA) n (AF(X m , Y n )*Y n (6) 



Y n 2 , S N Z = ^ n AF (X 

Y n ), 

S YZ-X n (AF (X m , 

Y n ) • Y n ) (6) 



m , 
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•t L"C, ( 5 ) jKRIF- ( 6 ) it*r And the next calculation is performed using (5) 

Wl^T&W^ft&fT 1 o Formula and (6) Formula. 

An=(SX-SMZ-M- An=(SX*SMZ-M*SXZ)/(SX 2 -M*SX2) (7) 

SXZ)/(SX 2 -M-SX2) Am=(SY*SNZ-N*SYZ)/(SY 2 -N*SY2) (8) 

( 7 ) Next, it requires for the tilt angle AL (Y n ) of the 

A m = ( S Y • S N Z — N • non-scanning direction (X direction) in the 

SYZ)/(SY 2 -N-SY2) sample point of the nth of the scan direction by 

( 8 ) least-square analogue from each An, from each 

Jkl'L &A n X <0 , jfe/H-l j£i/r Am, it requires for the tilt angle AL (X m ) of the 

ftUc 4; 9 x dr -v yjj\n)0) n # H scan direction (Y-direction) in the m-th sample 

<7)^>7"/^(":&!t5#x^-y point of the non-scanning direction by 

y>j\"J (X~Jy\!'l) «MftAL least-square analogue. 

(Y„) ftAmJ;<9, After that, tilt-angle (theta) x of the 

fik'hUifk'&llflX 'O^-^-^-^y non-scanning direction and tilt-angle (theta) Y 

ftfi}<Dm%rU0)-y-yy;i'tiJc}3 of the scan direction are calculated by the 

It&x^r-Y yTM (Yj}"|pj) co following balance treatment. 

ftRflftAL (X m ) &3fc#>5, ; (theta) x =((SIGMA) n AL(Y n )/N (9) 

ZV&s &(D£ oti f-mtttiW. (theta) Y =((SIGMA) m AL(X m ) (10) 
\L J; rj =||-: x * -v V fa <7»4#) 

o x >#inic9#i$ft 

0 y &#»3„ 

Ox = (EnAI. (Y n )) /N 

(9) 

Oy =(2 m AL (X m )) (1 
0) 

[0 0 6 0] [0060] 

( B ) 7 m- — # ^lv.iS'0:;iJffi (B) The focal position computing method 

y -A-~-J] ^WMo^lVM^liW- There are the balance treating method and the 

&]{t^M ; it;k§ij\ite'nM\ttib maximum minimum detection method in the 

fcfo <0 , -fcW\X*lt$k kfik'Mkltt method of computing a focal position. 

'fcX°y x — # ^Mii'g&'^ill't" In this example, a focal position is computed 

##<Ofc#:\ "? : K]ft^Ltl?i with the maximum minimum detection method. 

"Cii, i;i&co:7 3--- # x ft. IS (?) By the balance treating method, the overall 
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lu'CAF (X m , Y n ) &jHV v t, focal position <AF> of the exposure side of 

7kR J: "9 5 oyMXtfnV)^. wafer 5 is calculated from following Formula 

{%-bLX<D-7*~fjx{vM (A using the value AF (X m Y n ) of the 

F > '& i? 5 3 above-mentioned focal position for reference. 

(AF) = (E n E m AF (X <AF> =(SIGMA) ( n {SIGMA) m AF (X m 

m , Y n )) / (M • N) (1 Y n ))/(M*N) (11) 
I) 

[0 0 6 1 ] [0061] 

Yxlz., iDtA"M''J s t£i'!JT£-f ft, fk Next, overall focal position AF' of the exposure 

k^.J&Xf tk'N&'fc&^Wlki^c surface of wafer 5 is calculated from following 

ti-irn Max( ) RtJ Min( ) Formula by setting to Max ( ) and Min ( ) the 

t L'C, 7fc.j%,£ <9 oyi£ function which expresses the maximum value 

^i&jcod^i: LX<vy -A- — % y and the minimum value with the maximum 

!tnK}51"&o minimum detection method, respectively. 

AF' = (Max( A F (X m , Y AF'= (Max(AF (X m , Y „ ))+Min(AF(X m Y n )) 12 

n ))+Min(AF (X m , Y n ))/2 (12)) 

(12) And when the measured area 26 arrives at the 

-tL'C, 1*14 (b) {c^i'X •) exposure field 24 as shown in FIG.4(b), based 

ftM&fttz.W$L 2 6 h^M on detected_result (theta) x ,(theta) Y and of (9) 

y ;v }<2 All^Ltzt^lz. Formula, (10) Formula, and (12) Formula, and 

f±, (9) ( l 0) St, (1 2) AF', three fulcra 28A-28C of FIG. 5 actuates 

j^wtjfct±)/!ni£ Ox, 0 y &t>*A with open-loop on the basis of the measured 

F ' (:: , 1*1 5 <D 3 fi';|60 result of height sensor 29A-29C, respectively. 

2 8 A~ 2 8 Cfi'^ch^ch An auto-focusing control is specifically 

?s'it$-ty-y-~ 2 9 A~2 9 CO performed by actuating three fulcra 28A-28C 

WtWiu^fr^fit LXir~-y"> simultaneously, an auto leveling control is 

^~y"XMWiiSii6o-^M')^, performed so that the focal position in the 

-Jr— yyjt — fJ rMH-i, 3 $1 exposure field 24 shown in FIG. 5 may not vary. 
<DjZ& 28A-28C &fcWr\Z 

^^-^l)t7 ^ ~/U K 2 4 f^JCO 

7 -a- - # x fi ft 7>s?£ ft L ft ^ J: 
9 f-^ff $tiS„ 
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[0 0 6 2] [0062] 

Bi 5 [^ji^c, 'Mfty 4 That is, in FIG. 5, let the spacing of the X 

— /V K 2 4 <Drpfcfok3£}l\ 2 8 direction of the central point of the exposure 

A, 2 8 K0)X-}j\»}0)mmttX field 24, and Fulcra 28A and 28B be Xi , let the 

1 , M-fty -f K 2 4 <D*p>b spacing of the central point of the exposure field 

/a t 28C(/)X JjfaoMM 24, and the X direction of fulcrum 28C be X 2 , let 

£ X 2 s 8&7fc ^ "f — ^ K 2 4 co the spacing of the central point of the exposure 

{ V*l\&k3ls& 2 8 A tDY Jj\tm field 24, and the Y-direction of fulcrum 28A be 

?$\W£Y^ , 'Mfty K 2 Y 1 , let the spacing of the central point of the 

4 c?) r|< > 2 8 B co Y # exposure field 24, and the Y-direction of fulcrum 
\*\<J^\WWk Y 2 i: LT, 28B be Y 2 , based on the result of tilt-angle 
-V >~)Jfi)0~)§{$[m 6 X ^/feiiR-S- (theta)x of the non-scanning direction, Fulcra 

2 8Bt 28A and 28B and fulcrum 28C impart a 

2 8Ci!lf i"tfttXi : displacement of a reverse direction with the 

X 2 k<Dtk~C)£)jfi]V)'MiiLj)> t ]' ratio of :X 2 , respectively, based on the 

x. b it, x -V -v Wjfa ^ftjl^i^j result of tilt-angle (theta)y of the scan direction, 

0 y ^)lnIKi-S^^ , Jca'X 2 8 fulcrum 28A and fulcrum 28B impart a 
A t "i^i 2 8 B t {d-tix^tY displacement of a reverse direction with the 

1 : Y 2 t oni^\^-h'\^y^tW ratio of Y 1 :Y 2 .respectively. 

[0063] [0063] 

£fz, l/Jd^PllriUil, "7^—- Moreover, by the above-mentioned processing 

Jj ^i'^.&V^Mf^M^M^t'Si'S: method, since a focal position and tilt angle 

{'^fcCXk l \* 'Miti'&^'Q'Mffis change every moment according to an 

(D'7 -iJ ^fii^:cOf;fStJ{|iV§rM exposure apparatus, it is necessary to amend 

JE'y&'&^&fo&o N 6(a) the measured value of an actual focal position. 
(1 N j& h y -A- — 'Jo 'A {\jM<s> FIG.6(a) shows the state where the overall focal 

til (AFiO 'Cty^'^cvyfeytihi position and the tilt angle of area 26 on 

5 a _hcOf)HJ«Jc 2 6 GOrfef^ t LX exposure surface 5a of a wafer are measured in 
<F>yjr-~l3 A\)L fiRXIM$\1*i the measure point (AF point) of a certain focal 
sl-ittJ LT t U [*) 6 position, in the state of FIG.6(a), the actuation 

(a) (VVtWtX'lis &\5<nftm amount <TL1>, <TL2>, and <TL3> of the 

®l i £t L 1 L 3 {zfoZ idi direction of a focus of the fulcrum in each 

<D7 * — % xfi$\<DmW)-®; <T actuating point-of-view TL1-TL3 of FIG. 5 

L i), (TL2) presuppose that it is 0 (standard position), 



9/26/2003 



50/93 



(C) DERWENT 



JP6-283403-A THOMSON 



DERWENT 

It^MtxQ (&mvM) ~Cfe respectively. 

'6 ti*6o -ZL-Xs % 2 And when area 26 reaches the exposing point 

6^1*16 (b) (Ctj^J; 7 (c, in an exposure field as shown in FIG.6(b), these 

<< —fr Kl^]^fl)t^vCii actuation amount is respectively set as <TL1> 

Lfz t % Sftoofi =a, <TL2>=b, and <TL3> =cfor exposure. 

fribWMl&l'X^ti'Vii. (TL In this case, in the focal position of area 26A 

1 ) = a , (TL2) = b, (T currently measured in the measure point (AF 

L3) =c, I-KxaL iSti&c - point) of a focal position, only F (DELTA) is 

y-A—'JJ *fvJgco^-jfli| changing compared with the case of FIG.6(a). 

(AF,fi) 'Cfl+ffl^^iTi/ N 6 However, since the influence of the actuation 

uBi$ 2 6 A co y t — x {v.fS; amount in each actuating point-of-view TL1-TL3 

(±, d 6 ( a ) 0)%bfiizifc'<X is included in the variation of this (DELTA) F, to 

A F tz\V£tVc LT^5/j\ Z(f) next expose area 26A, it is necessary to 

A F oy&ik&^rtMMM&T L perform leveling and a focusing in the form 

l^-TL 3 {i^ij"6II^JjiScO^ which amends the actuation amount of each 

W-^-pTiii'Ci/^/ifc, Yx^fyi actuating point-of-view TL1-TL3 in the state of 

$2 6 Aoy$±&ftolM<&^ FIG.6(b). 
(±, [S3 6 (b) 0)imXO)?rm 
»J,&T L 1 ~T L 3 (f)^m^ 

M.THl^jf^eu-<!J y/tkxfy 

it ~ JJ v- > 7 / £ 0 & 
6, 

[0 0 6 4] [0064] 

2 6 {if&] LTnf ffl £ That is, the focal position measured about area 

titz y* — jJ y-WM, X -}j injco 26, the tilt angle of X direction, and tilt angle of a 

Um^BL^Yjj^o^irm^^'t Y-direction are made into Fi ,(theta)i X and 

^i^ixFi % 6 W &-~tJ K (hy t L (theta) 1Y , respectively, the focal position 

T, uTiteic 2 6 AdM L'GIHJPJ* measured about area 26A, the tilt angle of X 

tifry*~jJXftL\R, XJj\v](D direction, and tilt angle of a Y-direction are 

immm^Y Jl\^nm^^ y c made into F n ', (theta)nx', and (theta) n y\ 

tittiFn' , dnx R&Onv' respectively. 

ti~& 0 i/c, y — Jj Moreover, when the spacing of the X direction 

mWlti (AF^i) bMit&t and the Y-direction of the measure point (AF 

(DXjjfiijkXFYtifiwffllM&^t point) of a focal position and an exposing point 

il^cti A X&tf AYtt^h is made into (DELTA)X and (DELTA)Y, 
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y-A- — jj 7 tffMoffli £ SAF 1 corrected-amount (DELTA) F1 of a focal 

l±7k(D «t -j I'ft position is as follows. 

A F 1 = - F y - 0 ix* A X - 0 (DELTA) F1 =-Fi 

iv ' A Y ( I 3 ) -(theta)ix*(DELTA)X-(theta)iY*(DELTA) Y 

(13) 

[0 0 6 5] [0065] 

■^©MF.fltA F 1 %)m^~6k, When the corrected-amount (DELTA) F1 is 

$M2 6 A\zf£i LX?,VMt$ fritz used, the focal position measured about area 

y t—XxftM, X 26A, value after the tilt angle of X direction and 

ft BiU-Y Jj' If ij coM$4 ft <o%ti? the tilt angle of a Y-direction amend F n ,(theta) nX , 

friorffijE'tft wfil F n , 0 nx &t>* and (theta) nY are as follows. 

0 nY ii^Wj: ^(c/£S„ Fn=F n '+(DELTA) F1 (14) 

F n = F n ' + A F 1 (14) (theta)nx=(theta) nX '-(theta) 1x (15) 

9 nx= 0 nx' - A ix (15) (theta) n Y=(theta) nY '-(theta) 1Y (16) 

0 nv= 0 ny — 0 iy (16) Moreover, to the uneven surface where the 

^/^./n 5 o)$gyt\T\ivy(iM% exposure surface of wafer 5 is high frequency, it 
$iOr ! bL u lrfn!^>(-}' LTrtii>^- is necessary to manage a response 

V ^laS^SpW- & fflt & characteristic so that it may not follow. 

Wh* y^-y^ 5 co^jSii That is, also when the scanning rate of wafer 5 

l^.^^fr^^tziMu'hs 7''r~-i/ changes, the response corresponding to a 

ftiW.{^x-f/£ L fih&%f/^ ] %±$:i5 fri stage position is required. 

&<DX\ fritz y -a- ~ -Jj 7 Therefore, it is made the mechanism in which 

{tiftiRlN^Mty & tiiky — y - r - the focal position and tilt angle which were 

(FFT) ff](Dt^W.y j measured are managed with the numerical filter 

?&\ ID 5 3 flAI for FFT (FFT), or the servo gain of three drive 

(D3i&2 8 A- 2 8 C OS?© SIS parts of fulcrum 28A-28C of FIG. 5 can be 

<?)">)•— /-^'y'-Y > teiUftZlzhb C-X varied according to speed. 

"Ilit'^SSlCtS, fKU However, preliminary scan is required for the 

F F T f\]<DM<M.y ■< ^ 9 — Ci r- numerical filter for FFT, a servo gain has a 

ffi 7- * -V > & II 'C\ >K y phase lag . 

•-f Xi{v.flii!lil^fc5cO"C\ ^1 Therefore, the mechanism which considered 

ti <b k^M Ltzmnfr&'gX-fo these is required. 

[0 0 6 6] [0066] 
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(C) 'f—7i^/4 y "T^JSfc (C) The servo gain varying method 

r. 1 "Q\W\ 5 <r> 3 \$\<D 2 8 Here, an example of the method of varying the 

A — 2 8 CtDWMtiW^—^V servo gain of three drive parts of fulcrum 

4 y'£W&{abCX^^Z)j 28A-28C of FIG. 5 according to speed is 

feo)-miz^$mm-&, demonstrated. 

'^0)fcftMfl<fcV/ (i<?)t$<D When a response frequency in case the 

S^fnJife^^r v iikiM scanning rates of a wafer are V/(beta) is made 

f*IfcG ( s ) tS into (nu), transfer-function G (s) is expressed as 

ix6o follows. 

G ( s ) = 1 / ( V + T s ) G(s)=1/(1+Ts) (17) 

(17) However, they are T= 1/(2 (pi) (nu)) and s=2(pi) 

mU T= 1/ (2 % vh s = fi. 
2 7i f i , "TrfoSo 

[0 0 6 7] [0067] 

MfaVu^X. 0 , >£^i&!£v//{ The analysis result showed that 2Hz was the 

>4>8 0 mm/ s cD^§u\ }\ -^^r optimal as for response frequency (nu) of the 

-V y )Jfo0)li^[$l&$k v It 2 1 1 non-scanning direction, and 10Hz was the 

z ^iftJi"C\ ^^--W^yinj^jt;; optimal as for response frequency (nu) of the 

^Wi^-fk v !i 1 0 II z /j^iiii'C scan direction when scanning-rate V / (beta) is 

&%Zkfrftfr'yfc. a fHU £ 80mm/s. 

rc/N^^^j^jc/),^^^ t:° o, p However, a unevenness of the exposure side of 

^jH55jS"CIc ^ ^ N I -.go ft a wafer is expressed with the sine wave of Pitch 

y a y h iSIii^^^^^-injc/) ji- £ p, if the length of the scanning direction of each 

&Lo ttSi:, (1 7) it1 W shotj-egion on a wafer is made into L 0 , the 

/nl&^C ( fi&cD J; 9 i:^5o frequency fin (17) Formula is as follows. 

f = (V/fi ) /L 0 • ( U / F=(V/(beta))/L 0 *(L 0 /p) =(V/(beta))/p (18) 

p) = ( V/fl ) /p (1 Therefore, change of scanning-rate V / (beta) 

8 ) changes a frequency f. 

flot, M&xklltV / & Therefore, it is necessary to newly calculate 

1~ 6 ir JfiJ i£$c f t> 'AMfcl' <S optimal response frequency (nu). 

"C\ AtiS^fL^iRlrlS^ v SrSrfc Thus, a servo gain is determined from 

(w4ifc5i&^7j>#>6 0 zoyk'j calculated response frequency (nu). 

LXMtilimmm v J: 
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( D ) MK 'Sjsi'pyy Jffe (D) The numerical filtering method 

1 Z.X ^^^oy^Jt'^ho^]^ The pitch p of the convexoconcave of the 

(7) t: 0 y p ^ v- — vRtSi- exposure surface of a wafer 

#ciV : LTzW$tt£CVX^ yjr — jj If sampling of a focal position is performed by a 

^{\Lx&oy\yi/-f y yiffrXT— datum reference synchronizing with a stage 

isWMizfillfy LXitiM-Mi'^Xii position, it comes to be able to perform the 

b b , /ti^i*^ V / [i \z$ift L control independent of scanning-rate V / (beta), 

fife Cift&o KP*>> since it is a function depending on a stage 

&Mm&X*temm$kG (s) b position. 

H^o^y jjvy y yjffljR&Ff That is, in order to give the filtering effect 

tz-\£ ZtztbitZte^ {Sijs[j8$cG equivalent to transfer-function G (s) with a 

( s ) '7— V ^&¥£LX{±r. position function, the inverse Fourier transform 

$'M%k\ 7 (x) *r;R#>, Z(D{\f. of the transfer-function G (s) is carried out, 

iil*]$(F (x) frftl^^X^ifcy position function F(x) is calculated, and a 

4)^$ y > ? *) * AfWjJ- numerical value is filtered using this position 

hl^WMk v (D^mmc ( s ) function F(x). 

<D--$\$:M7 (a) Ci/j<L x y c An example of transfer-function of response 

ti\'c*\fo-]*&fa^M^V (x) frequency (nu) G (s) is specifically shown in 

7 ( b ) \z~,\<^\, fu L, $c FIG.7(a), position function F(x) corresponding to 

fifty -f/^yy WtltlViAl y A"- it is shown in FIG.7(b). 

-Y y\t£M& b y ) , ^ However, it is necessary to take foreflow scan 

ti'&T? frfa^ftltktffiM'ftfc distance at the time of numerical filtering. 

'4X <5 0 When not performing this, a phase lag arises. 

[0 0 6 9] [0069] 

kiditfH-— y nj^: In addition, also in which method of the 

t/IW y 4 ?\s ; y y yif&O) above-mentioned servo gain varying method 

fa<D{*fticr))jfc\zto\,^Xt>. f& and the numerical filtering methods, 

WMtib y 4 ^y y y?9)\%.b responsiveness is managed by the phase lag 

Xlfc&Wi&ffMi'Zo and the filtering effect. 

(B$ta]3iii) b il, 13 15(c) A phase lag (time-lag) is a time-lag which exists 

^tfljif^3 7 AXf\<isti& &\%b between the signal corresponding to the focal 

")~<5 y -a^'Jj yiiL^r.lz^tJZy^^ position made into the target shown by curve 

fa Vj b , \W 3 8 A '"Cvj^ixS 37A of FIG.15(c), and the signal corresponding 

'^Iz fliBltStifzy — to the focal position which is shown by curve 
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^^hi^^if:^t(D\\\V^rth 38A, and which was measured in fact. 

1"-5^F8j^ix"CfcSc y A /^P The filtering effect is that only a predetermined 

L> y $*9))7f< tit, \^ 1 5 ( d ) amount makes the amplitude of an actual focal 

cD(ttiit$3 7 8 B"CtjH" position small to a focal target position, as 

i9ls Ut$ 1 1"5 :^ * — shown with curves 37B and 38B of FIG. 15(d). 
m \c *\ L X 'M CO *7 * - * 'A 

[0 0 7 0] .hifi^J; 5 ^ [0070J 

fertJTIi^-T-'^ft^y y K>FU$ As mentioned above, in this example, when 

^<OS$3fc£rtf Hrofftft performing exposure to each shot_region of a 

/E'^Tfc <&£#J>fe^ ^ -V > *rt /* o wafer, foreflow scan which is a preliminary scan 

i^fc^, *ZX\ ^^njjAl may be performed. 

y^M^^&j^A^.^^ Then, the setting method of the foreflow scan 

Xlfttyli'foc 121 8 (a) y distance is demonstrated. 

:n/y_hc?» n y hftjtoJcS An <£> FIG.8(a) shows the scanning method in the 

'Mih & i^'h o Xfch s Nfi#cr$ 9 case of exposing the pattern of a reticule to next 

0- y i\ y hft|J$S A 12 >&LKS A shot_region SA 12 and next SA13 in order, after 
13 ^u-?~ J 7 /U(/)/<y — y&'M)t finishing the shot_region SAn exposure on a 

1- &$&ft(Ofc&-)jm%:7}k-t 0 z wafer. 

(Dm 8 (a) (c^v^Cx In this FIG.8(a), a wafer is scanned to - 

&- Y j7fN]t-/L"& L-t, T ;>:-r-^ Y-direction, after the exposure to shot_region 

LGOCa ;y KilinjcSAn ^^;)^* SAn on a wafer finishes, a wafer is aslant 

yt&$&i?<oXfrhs APMiS^IfiiJ moved to the X-axis and a Y-axis between 
T W i (O 0 5j [1 ^ / X # & acceleration-deceleration period T W i , the 

Y«ii:^LT^«(:^iS* vicinity of the next shot_region SA 12 bottom 

T, Yxo^y -i y NfifJslcS A 12 <£> edge is arranged in the exposure field of a 

K^^iS1^^jSE7t'T-^^ffS) , c projection optical system. 

y 4 Kf-fi£(S:i"So iix^JGO After the exposure to the first shot_region SAn 

y :i y hWi^S ^oy^yt^ finishes, while transferring near the next 

o T b , & co i/3$/h jifi shotjregion SA 12 bottom edge, the transfer of a 

Jj£ S A 12 (O KSWittf^^iHil" spacing (DELTA) L is performed to a Y-direction. 

SWJUY^ffij^iraiWA L60#© Moreover, the transfer to the Y-direction of a 

/j^TbtiSc ^cojj[r/$^ wafer is started in the final period of the 

J9l$jT W i ^^JW^io^'C, acceleration-deceleration period T W i - 
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5„ Between subsequent establishment (setting) 

[0 0 7 1 ] period T W 2 , the scanning rate of a wafer 

^(D&tDfflfe («) WIWTw2 reaches at about V/(beta), exposure of the 

GOfffi}::, r >^/^>fe^i£j&7plJ pattern of the reticule to shot_region SAi 2 is 

\iV/ {^i£L, ^:timti< 'M performed between exposure period Tw3foiiowing 

JijJc S A 12 '^go ^ 9 — Acceleration-deceleration period T W1 

y<D§5ytfimMi& c Z (DWtfi establishment period T W 2 , and exposure period 

o\ V^^iMX^Mi&j&MWT T W 3 by the side of a wafer in this case are 

wu M1&W*\TmTkW$RW*\ shown in FIG.8(c), acceleration-deceleration 

T W 3 4:N8 (c) (C/j^L, i/f" period T R1 and establishment period T R2 and 

^ /Wlt'J 'CcoAu j)pitJ^ ^IIhJ T ri , U exposure period T R3 by the side of a reticule is 

&imT R2 &TfmtmmT R3 & shown in FIG.8(b). 

HI 8 (b) (d>T<i~o ^Cfe, u-T" In addition, in the reticule side, since it is not 

^/Mfl'JT*{ilS3 8 (a ) cOcfc 9 fc necessary to transfer to the next shot_region 

m K> ^ is h > h M^^Jrr & like FIG.8(a), a transfer of the stage by the side 

^M-W^^tzti.)^ L^^/WRt|<7.) of a reticule is reciprocating motion in alignment 

XT — is<?>&W)l±Y%6llzft) o ft: with a Y-axis. 

'l&WfflrChZc £7h, ty^/^m Moreover, at the wafer side, as shown in 

Xl±^ IU8 (c) (C7T<i\t 9 }i N FIG.8(c), sampling of the focal position by a 

MftkiteMFn] T W i ^ili'JAii'^J^J multipoint focus position detection system is 

T W 2 ^%>ir$~&U)£0)ft%& t s started from t s at the time of the grade which 

frh* %s}\iy -A~ ji xfifS^fii moves to establishment period T W 2 from 

yftlc £&y M)fM&yy~> acceleration-deceleration period T W i . 

[ 0 0 7 2 ] [0072] 

^^i'Cttfv.tHiMti t y y l J In this example, the responsiveness at the time 

y?'$}&hX\ V y^R'0 K of leveling and a focusing is managed by the 

y* — % i/y ^H$^#W-:£rtf phase lag and the filtering effect. 

Jli"<5cOT\ ^:t.a ht'7t- Therefore, the starting point when starting 

$ x{\L\$X)-y-yy" ] J yy^tWW^ sampling of a focal position on a wafer changes 

^^k ^oMMhivhK ikW^X with situations. 

o'C.K-&oT< 2>„ $Ix.Si\ For example, as what synchronizes sampling 

yy' ] J > y&^~r — i/{\L\R\c.\$ with a stage position, supposing it filters a 
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191 ^-ti' S i><Dk LT, Wifo'? 4 numerical value, a sampling starting position 

;v $ y y ^*rtf ')it5^ & will be determined by the next procedure. 

[0 0 7 3] [0073] 

yfci\ P*l7 (a) <?:>.£:) First, it imparts transfer-function G (s) like 

f*J$£G (s) tf$x_t>ti, :« FIG.7(a), position function F(x) of FIG.7(b) is 

£iiifJ8$cG ( s ) X. *9 $ 7— y required by an inverse Fourier transform from 

^£1^1*1 7 ( b ) <D{<iMWfc this transfer-function G (s), it requires for length 

F ( x ) (DELTA) L from the origin of this position 

F ( x ) (Db)i}lv/)^h-\f n ^ n x function F(x) to a zero-crossing point. 

it $ A L &5Rfe5o r This length (DELTA) L is equal to the amount of 

<D £ A L /j\ N 8 ( a ) top; movement (DELTA) L to the Y-direction at the 

i~i:9ti, |$ to 0) u a y h ii?U$ time of transferring aslant because of the 

S A 12 ^oy^%<Dtz. ft(c#4fti- exposure to the next shot_region SA12 as 

)jH^<T>l&$]fti shown in FIG.8(a). 

A Li:^Ll\ 

[0 0 7 4] [0074] 

$.tz s 9 ^(Oh\\%k^M\*VV Moreover, to acceleration-deceleration period 

R1 (-*j'LT, C/;.r-/N(7)jjtij^y(]t() Tri of a reticule, since it is small, in time 

|8]Twi #H s £^fctf>, R^tB] (T (Tri-Twi ), acceleration-deceleration period T W1 

ri — T wi) ^- c/ Mfl ! Jco# of a wafer constitutes waiting time by the side of a 

l«]£&5 0 r<£MSft\ A L< (V wafer. 

/ /3 ) (Tri — Twi) . ^ fc £ (1 In this case, it does not become a decline of a 

x y° v Y cofft t£ h ft l x throughput at the time of (DELTA)L< (V/(beta)) 

i)\ A L > (V/J3) (Tri-T (T r1 -T W i). 

wi) , t £ (ix/U— y > h coff£ However, it becomes a decline of a throughput 

FbttZo AY-AL- atthetimeofL(DELTA)>(V/(beta))(T R1 -Twi)- 

(V/0) (T R1 -T W ih In addition, length (DELTA) Y expressed with 

A YttWMmnt L Y(DELTA) =( DELTA) L- (V/(beta)) (T R1 -T W i ) is 

TML'C t), fciiBli^cG ( s) good as a fixed function, if the filtering effect 

di'lll^'^/^'Jy^M-^ similar to transfer-function G (s) is acquired 

# h ntUi, ISI t Ltft even if it processes as a phase lag. 
V\ ^.tihvyJ 4 /^'f ] J > By performing these filtering, the effect of 
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ff o - £ J: 19 , 7 ^ ~# reducing the influence of the air fluctuation with 

xfv.fS^M^^c^h^^^^lM^ respect to a multipoint focus position detection 

system and the control error of a multipoint 

5f< ^ ^J^iSaiSco £ fftfcH ' 6 focus position detection system is also 

9))^hWtiX^ &„ expectable. 

[0 0 7 5 ] [0075] 

^#ij60x y ^ M-V-v^ Next, the arrangement of the sample point in 

K5t^^^ggi)t^ffi{c*j{t the measure point of the multipoint focus 

^ft^- — # ^ifS$^i_|^ position detection system in the projection 

oy^M^A 1 0)'^ >y u ji^ ^0^^ aligner of the slit scan exposure system of this 

Srl&iT^i'&o .5t~f > 13 2 ( a ) example is considered. 

f^ol^C, %}T\y -A~ XMiLffi First, in FIG.2(a), when the measured result of 

^ttj^icd; &r?+ ?Jl'],& A F 1 1 — the measure-point AF31 - AF39 focus position 

A F 5 9 60rtT\ ^ y y hikvy in the slit exposure field 24 is used within 

8R)t7>f— /U-K2 4l^]c0fffffliJ/^ measure-point AF11 - AF59 by a multipoint 

AF31-AF39 <?)~7 x — jj focus position detection system, that is, when 

x{yM(D$Hlilft££$:Ft]\<^&$ making measure-point AF31-AF39 into a 

£\ W^^'WUkA F 3 l-AF sample point, the control by the "exposure 

II 9 %*)~yy^i'}\ib1*Z>Wiri\z position-control method" similar to the 

!±, %%(D7^'r y GOiiHj t conventional stepper's case is performed. 

r^)tfi;jSf)jij^i^-j \z£ Furthermore, scan of the wafer of this example 

£fflWMrfoti&< i iSli, JfcM is performed to a Y-direction or - Y-direction. 

(/)$^/^0)^-^'X'yiiY)j\i>\X Therefore, it comes to be able to perform 

fvt- Y ^JfnJ^fj^ii<S <DX\ s$ control by forward reading, time division leveling 

4 —fr K 2 4 LTifeJf. measurement, a measured-value balance, etc. 

'}j\h](/) ^\)\i\^ij-^\\d^^a)'fyy by arranging the sample in a measure point 

/u&fld ^ tX\ 9i?MfyM before a scanning direction to the exposure field 

Ws BMu^^^i, A 24. 

ffl'J t- ffc ^ ^ nf i& ( ^ ft 

[0 0 7 6 ] [0076] 

5t,1?t:^$"ijffl > ( IH 2 (a) \z Control by forward reading means choosing a 

J: 9^r) X /N^g)t7^"/uF sample point from measure-point AF41 - 

2 4!:^LT-Y*lSli:^^-v AF49.AF51 - AF59 before a scan, when 
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^i~6JJK^j-.i, ^:&^f : ri'J60 scanning a wafer to - Y-direction to the 

A F41-AF49, A exposure field 24 like FIG.2(a). 

F 5 1 ~~AF 5 9 ^'A^hh^y By controlling forward reading, the following 

^/k&*riliRi"<5 - 1 error with respect to an actual response 

S 0 %7^^YM^i i Z t \'C J: frequency becomes |1-G(s) | to transfer-function 

H ) > h 7^W$lkX$ G (s) of an auto-focusing mechanism and an 

Y U > auto leveling mechanism. 

%kO (s) M>tfL"t, However, the phase lag and the filtering error 

^W^i-*H~ 5 t I factor are contained in this following error. 

1 — G ( s ) | t & <S o fit L N Therefore, a phase lag is removable if it controls 

n fiji ffiiSii <t y forward reading. 

^ U y ^n^/^^W t /Mo Since this error is 1 -|G(s)|, about 4 times as 

Ti^£<7)"C\ TtM^ili'J^^rrx- many communicative competence as this can 

li\ {ftfH^ft&l&£-T*£SCt be given. 

(s) I t£<DX\ $)4{iW)fci& 

[ 0 0 7 7 ] [0077] 

[§] 9 ( a ) mXl -M t $M<D'Mit FIG.9(a) shows curve 39A corresponding to the 

{\lWMW£h^yfcWrn(T> H t focal position made into the target at the time of 

"TZ> 7$--~~Jj ^iv'MizMli^ i> performing exposure position control similar to 

lifl^3 9 ARlFMf^xfctsn the past, and curve 38B corresponding to the 

Tc7 * — % xi<fMlzMlfc-f&\[t\ actually set-up focal position, flG.9(b) shows 

1$ 3 8 B *r>>" 1*1 9 ( b ) (1 curve 40A corresponding to the focal position 

ftffifyfflM&ft^tzti&ftoiUffi made into the target at the time of controlling 

b^~&y x~?J x{\l\$A£M'I&1'~ forward reading, and curve 40B corresponding 

&ft|^4 0 A&Vt'Mffi<lzf&'fe& to the actually set-up focal position, the phase 

titz y * — fJ 7- {it !3t ItZ. M&'i' S offsets in exposure position control. 

A»4 0R^j<U M±&Mm Therefore, the difference Fa of the target 

WXi:ihYA^*fr ; i*tiX 5 t! t£o position in the case of exposure position control 

~C\ mM^WM^^oy fl J$ and a flattery position will be about 4 times the 

{ilW. t iS^fifS: <t F a ft, difference Fb of the target position in control by 

ftifcfrM'00)#bftn U 48ft ift t forward reading, and a flattery position. 

iij^fv.iS > co^ f b oiffa 4 fry t Therefore, in control by forward reading, about 

ti : o X, {fcMfyM$fX*lt 4 times as many communicative competence as 
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#J 4 \Yi wfoil & t 'Ai-tir 5 n this can be given. 

[0 0 7 8 ] [0078] 

L/^L, gll^^/c^l'-, However, since about 10Hz is suitable in the 

H u^<y y ^"(/)hi^f£l^^Cl:l^ scan direction (position-control method), when 

A- -v >^|p|t" I 0 H 7. tr.j£ fc'iii the response frequency of auto leveling controls 

^ (bYMffl'MU;X{£) &G0"C\ forward reading to the already described shape, 

ft^c^-rfiffi^rt j ') <h v ^^fty it is good for it with a filtering response of about 

77 fa "Cii 2 . 5 II z 7 2.5Hz in the scan direction. 

>\>>y 'J y^li^'Q^^Z. b When a numerical filter or a control gain 
5c r.W7-/;i/^!J y '/ performs this filtering, the foreflow scan length 

^/u^XliftJ^V VM<fco about 5(APPROXIMATELY EQUAL80/(2(pi) 

'Cfr 9 b ^ V :*~-'^<f)fc&M$i%: *2.5)) mm is needed in the scanning rate of a 

8 Ommt L"C, 5 (^80/(2 r. wafer before exposure as 80 mm. 

*2.5)) mm|M{tcCOJJj]7fe^ * -v ^ The focal error by both the controlling method is 

H # > ft M"j f ^ •& £ 0 £1 shown below. 



[0 0 7 9] [0079] 

: to~)tzt>, II 1 7 W^-fr^MiS Therefore, the period of the periodic deflection 

|-.</; v- n v K Ni'jJnJc S of the shot_region SAij scan direction on a wafer 

A ij CO ;* -y > ^7 In] tf> Jul %\ ft) f£ is expressed with a deflection parameter F as a 

W)oy)n\M&^ xdf-v >>/|nj value of a ratio with the width of the scan 

coife b go it ir LX [ft/j^ "9 ^ direction like the case of FIG. 17, the focal error 

^coji^jify in each measure point in case there is the 

&(tt7^ 9 /j s ^5 <t # wfHriH 1 !/,^ periodic deflection is expressed with the sum of 

-Coy A- — -JJ *S*3f£&\ fi-3ri»J the absolute value of the average value of the 

>%X<DV -Jj xfi"f^cOaf^<^> error of the focal position in each measure 

>l' ■W\i'i.<nm#i$i b, yx — UT* point, and 1/3 of the amplitude of the error of a 

b'fM(om^)&Mi^ 1/3 b<D focal position. 

%QX*M~f~o ^.t.i s (ft^'^/^y.^ Moreover, the amplitude of the periodic 

— 9 V oMW>tf£$\fr*) <»W& deflection of a deflection parameter F is 
£ 1 I'M^-fkL, tfiWO '<y / normalized to 1, the error parameter S which 

— 9 7> F X '~h £> b $ 0} s ^ ti b shows the maximum value of the focal errors in 
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&'£\-MtiX*cvy x — lJ*M7£<ft these measure points in case a deflection 

l x }0)f&j^i\tXtt'Fi~&#'<y / — parameter is F is expressed as a ratio with 

9 S k , tllj 7^ t) * n y ^ — ^ F II respect to the deflection parameter F. 

[0 0 8 0] [0080] 

Ml 0 (a) WMV&WM FIG.10(a),shows 

$rtTo/^i^^"C\ H.o^-V-v^ When exposure position control is performed, 

)j\u]0} i//< ij y y*(Dhk$-tel$L$k and the response frequency fm of leveling of the 

fm^l 0 II z , #'X^t yJl scan direction is 10Hz, the response frequency 

\hicou^<]) y^o^^Wi^M f fn of leveling of the non-scanning direction is 

n^2H -/.v^&o^'fi*)'*? 2Hz. 

— 9 F (I & iUt^^ 7 The error parameter S with respect to the 

9 S £r^L, tilil&A 9 deflection parameter F in above-mentioned is 

(±Mf(c^Hx-V'V W/|iVC<D3f*7§ expressed, both curve A9 and B9 are the error 

^°7^-^S N (tt^i<A 1 Oy&'O* parameters S in the non-scanning direction, 

B 1 0li^l^^^-YyJj\^X0^ both curve A10 and B10 show the error 

Wk¥k^ -/ > — 9 S *r^i" 0 *^\ parameter S in the scan direction. 

Ml 7 (b) (;t, frttfhUWz: On the other hand, it is FIG. 17(b), 

^jo/cifj^T, Ro^'^-yyJj And the response frequency fm of leveling of 

|u]60 u^y >V0Dli: A 4imMki the scan direction is 2,5Hz, the response 

m^2. 5Hz, ^M^-f frequency fn of leveling of the non-scanning 

\h)(0 u^< y > ^Wt^l&ft f direction is 0.5Hz. 

n^O. 5 II z co^ffV^M^ 0 The error parameter S with respect to the 

s<y pt — p I'lZxf-y&^iXisty deflection parameter F in above-mentioned is 

;*~#SSrfteU fMliAl l ik expressed, both curve A11 and B11 are the 

B 1 1 ("± it {-z ^ x -V -v ^ )S\h\ error parameters S in the non-scanning 

Xo^Jiz^y S N fttil&A direction, both curve A12 and B12 show the 

1 2 HcXlB 1 2 ttfti^^r-y^ error parameter S in the scan direction. 

)j\^xom^< v / - 9 s £,7< 

[0 0 8 1 ] [0081] 

JJl I ; J ^ ^ tl/ij fi^jl "C^ir: +Tf In order to improve a response, it is good to 

tfx£rl§fc Z 1 1±> Ak^£rl»l remove a phase lag by control by forward 

ii'l"^ /i^)!ittA^7)\ reading as mentioned above. 
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i&TtS H'^^Mn- f^fii$£ However, it is not suitable in reducing a 

L/^U Mti^mmy? V<> response. 

oiTfKj!" Uti££7^< , 121 1 1 However, control by forward reading has much 

T?/h*i\k 9 fc^ffittiW-ttttk&lP degree of freedom by software, and can also 

&ffl%!&K$V<D7 a — *xfiifi; set up a time balance as shown in FIG. 11, and 

V)£\rWi&<Dj'W&fe$:fl' o z t an estimation of the measure point of the focal 

i>X^ & D BfJ^j , l*l l 1 ( a ) position in the time of an exposure start. 

(c:fcV>T, ty~ r ''^(D'M?£[hi 5 a That is, in FIG. 11 (a), at a front sample point (AF 

L(/)uJc&f!i$ 2 6 B{c£fLX& point) to the scanning direction of a multipoint 

£iy -A~% x{&ffiffii\\W<<DA±4t focus position detection system to certain area 

'h'fiUzM LTJ-riuGO ^Vf)V& 26B on exposure surface 5a of a wafer, it 

( A F /£) I , A L 0) detects a focal position only the length of width 
& £ tz ft — it |R & (DELTA) L. 

is fri&o LT\ l*l 1 1 ( b ) And when area 26B reaches an exposing point 

i-/7'<1~i 9 jc, ^iJi$2 6 IJ^gg as shown in FIG.11(b), the information on the 

Lyt t #!-!is 'ISA L focal position which it detected in the range of 

(Oifcmx is frfty x — % x width (DELTA) L is equalized, and leveling and 

f^iS^ttt ^iiJit L fr^M/Ic a focusing are performed with high accuracy. 

[ 0 0 8 2] [0082] 

ifc, l^l 1 1 ( c ) l iC>jk~i~£ o Moreover, even if step-difference part 26C is in 

'M%ffi^M\WkXl\'Mfob exposure surface 5a of a wafer by the case 

^^t^t^ A ^L^^H-^X\ ty-^ where a measure point and an exposing point 

^<£>S£7tiAi 5 a {cJlSt/finR 2 6 C are equivalent, by an exposure position-control 

^feotk Nil (d) iZ/]k method as shown in FIG.11(c), as shown in 

-fXv^, y*~Jjy ftMit~f FIG. 11(d), the surface (focal surface) AFP made 

£FfiI {y Jr — jJ xifij) AFPii into focal object only raises gradually, and 

I'.-rVt^ tilf X\ where a defocus is carried out, exposure is 

i$M 2 6 C T1ir7t^.* x $ performed at the step-difference part 26C. 

fotc&1lBXt$ft7Nrfofo& 0 Z On the other hand, when step-difference part 

frilz%tLX s 1*1 1 1 (e) {Z7jk 26D is in exposure surface 5a of a wafer as 

-fifc-M-, 9c&V*lW$feX*1ftM shown in FIG.11(e) by the case where the 

&k$&yttih /j^ifixTi/^tii^ measure point and the exposing point are 

-£\ ^^-^(DM^tVm 5 a i^SiS separated by the controlling-forward-reading 
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6 : |J 2 6 I)^fe<5 ir , Ffe-t^fx method, it is, exposure is performed in the state 

2£^£tr\l-x\x\ 1 I (f) (CtJ;- where it focused at the step-difference part 26D, 

i'ct 9 y-Jr~'% A F P by raising the focal surface AFP gradually as 

t S-J: 9 , shown in FIG.11(f) according to the step 

^J&^IS 2 6 D XtiftMtSti difference beforehand. 



[0 0 8 3] [0083] 

^^.^foc^lWM^fD^lD'fs In addition, it has not only the 

Wti^Myt{<fMMWfc t>Hm x. X controlling-forward-reading method but the 

2 ^xDMW&irM^K " n Ifib usual exposure position-control method, and it 

ft is Zs't MZL'f & ^ tifi^i L is desirable to make it the system which can 

l \ MiH^D^r— V y -A — ^Hl choose the two controlling methods, 

LM"— h i/^U is tf$ktffc[L\i s There are the above functions in the auto 

_LiE*7)J; 0 fyWfei^fo&v^X^ focusing and auto leveling mechanism of this 

%U^^s^&yt&o)MW& example. 

tT 9 (^!±, (2) Therefore, it is in order to actually control the 

^^.fciyi^MW^ (3)^??)5tS3c^ exposure side of a wafer, (1) Exposure position 

'MWX *)t£Z> znM<n$\mkft control, (2) Full control by forward reading, (3) 

'<%x.bii%)» V X !i d ti o 3 Partition control by forward reading 

ffi&oyi\W$;^>$&MzASim The method of controlling three kinds which is 

i~& c made of the above can be considered. 

(F) 'MJtftL Krt?JW£ Below, it demonstrates to these three kinds of 

r oo Jjx^Xliyi'— h '7 A — * controlling method per details. 

ikU^-' h V (F) Exposure position-control method 

S5?3fcH£ By this system, no response property of an auto 

(£(H"$JJ LX%\ -tyfofiy -A~iJ y focusing and an auto leveling mechanism is 

{xEfRtfMiS&Jfl^T, $*.s^oy$ considered, but the focal position of the 
%\&0) y A~jJ y{\L\$:}k'{3 exposure side of a wafer and the control of a 

V y^l^^MM&'n o o Bfl"^> leveling angle are performed using the value of 

l*i 1 2 (a) 9 i-s the focal position measured and obtained at the 

%y 4 K 2 4 [cif LTM time of exposure. 

Jjfil ( Y^'lf'i) -f -nijfM'J^H 2 That is, the odd-numbered measure point of 3rd 

n 2 5 B t^fffiW n WS+ZH'J^S: row 25C in the exposure field 24 is also made 

f->://W£4 1 t L~C\ i^r)t^ into a sample point to the exposure field 24 as 

4 ~t\> Y 2 4 F*"W$! 3 ^"ij 2 5 C shown in FIG.12(a) at a scanning direction 
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(D^l&ffiRtD^'M^Jth^yy 0 (Y-direction) by making the even-numbered 

^/>lhi~£>o ^ LXs Wr2$H 2 measure point of 2nd row 25B of a near side 

5 B <D**)->'Zfsi'tiX*V)7'A- — # into the sample point 41. 

xiyMv*\-Mt(b'%3&\2 5 C And leveling of the scan direction of the 

oyfy>~? ^ti~Q(?)y :A- — lJ^i)L exposure surface of a wafer is controlled from 

iS^M+fil'Mlt t fab* T >^^)Bg the measured value of the focal position in the 

5tifiiG0.x -V -y > ^T[o)(7.) U y sample point of 2nd row 25B, and the measured 

?\W0%:U' o , value of the focal position in the sample point of 

3rd row 25C. 

[0 0 8 4 ] [0084] 

<B 2 2 5 Bi£r/£ft 3 ^"ij Moreover, the gradient of the non-scanning 

2 5 Cfttyy-f/^&Xo^y direction is calculated by a least-square 

% ^{&W.<oW$Wit^h&'b$5fc approximation from the measured value of the 

ittf^ft'C^M^-v y)j\^(DM^ focal position in the sample point of 2nd row 

£>Rto-C\ $r-x*-Y>-M\*]<Oi' 25B and 3rd row 25C, and leveling of the 

^ y y^MW&Vr 9c non-scanning direction is controlled. 

:A- — ?J ^IWtfiUt, Writy^—^ Moreover, a focal control also uses the 

K2 4rtco^3?iJc05l*3liJ^re^ measured value of the focal position in the 

y jr~jj y{tL\ft:o)^W{\ii.'h>tt]h^ measure point of the 3rd row in the exposure 

X'7* — .*^rfiiJfflJ^M-)o field 24, and controls a focus. 

1*1 1 2 (b) tc^-J-J; -) tvi, <> In addition, as shown in FIG.12(b), when the 

^/^d)^^- *\' yjjfi}J£~ Y }j\h] scan direction of a wafer is a - Y-direction, a 

TfoS^-ni-ii, *yy/jV\\i\-£ sample point of view is chosen from the 

% 3 y\\ 2 5 C RXIWj 4 ?ij 2 5 1) measure point of 3rd row 25C and 4th row 25D. 

vHY{%t£JpbM]'li t$-fi'6 0 ZV) A control is the simplest in this system. 

^7xt"C!t s itx $1/^ fifj¥-"Cfe However, there is inconvenience that flattery 

<5;i\ C-^'^^^r-v >Mlj£ A ?r accuracy will change with the scan speed of a 

J: «9 i&VLmtf'&fr o ~C L £ wafer etc. 

0 t ^ 9 ^FiSfl-n & 0 £ fc, Moreover, the calibration of the focal position in 

2 £ij 2 5 B A r/fll" 3 £i| 2 5 C each measure point of 2nd row 25B and 3rd row 

»#»^)7t-^j*E 25C is required. 

[0 0 8 5 ] [0085] 
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(G) 7c^.!fct!ft&fflWix (G) The perfect controlling-forward-reading 

~Ojji<X\$, Hi 2 (c) method 

T^i" J: teDt^ ^ — ^ K 2 By this system, all the values of the focal 

4 l^xt LT^^ J/lnJi-^rnHM^ position in the sample point of view of 1st row 

'X'j 1 9 { \ 2 5 h&i&XtD 25A are beforehand measured before exposure 

t>7Mt Lt, r-^ffif >tH'i to the exposure field 24 as shown in FIG. 12(c) 

{'C.W, 1 ?fj 2 5 AcO^-^^'Vu^'C at the scanning direction by making all the 

C0 7 ^{A/liFii^fift^^TuI* measure points of 1st row 25A of a near side 

iPJj L "C Jo < c L T , ¥#Hb&- L into a sample point of view. 

A ] J y^M^I&^T And balance treatment and filtering treatment 

v\ itL^Mti^^iA/^X'M)^ are performed, a phase lag is anticipated, it is 

(c^— y°yx : r4~~- b y ~Jt~jj y open at the time of exposure, and an auto 

RXf^— h l/^< ] ) y M focusing and an auto leveling mechanism are 

M-fZo BlUb, 3f5 1 $\ 2 5 A go controlled at it. 

yf/V&xo^y yt — jJ ^{i That is, the measured value of the focal position 

tS^nl'iiH'JfifiSruLitS LX$3$ N n$ in each sample point of view of 1st row 25A is 

Pn]# l;*I:if+SiJ^tL/c*7^— * x stored, and the gradient of the scan direction is 

$M0Hfcfabx*vyfifaO)M computed from the value of the focal position 

cf £r©iTi L, i&yt^l^y^'-Y y measured on the time-axis, leveling of the scan 

~h'\"\<D ] ) y ifM'M&^'^y* direction is controlled by open control at the 

y$'J#P~Ct7 o o time of exposure. 

[0 0 8 6] [0086] 

y ch t AP.ff L"C, % 1 ?'J 2 5 A In parallel to it, the gradient of the non-scanning 

oy^yyy^V}\}'Q0'^y * — direction is calculated by a least-square 

{iL\^oyiVMi^^h^^bU approximation from the measured value of the 

ttx'C4\ : -y ~\-*y yjjftl^Mi* focal position in each sample point of 1st row 

#\ Wy ^- -Y y )j\"W) y y 25A, and leveling of the non-scanning direction 

tfU^%*—7yM'$X*'{T 1 c is controlled by open control. 

9ti%M£0~)X\ \\^\\tyWX(D¥-&} Since it is pre-reading, a balance on a time-axis 

it h^nELX foZo <?§ 1 can also be performed. 

2 5 A^fr^y vVu^ret/)^^ Moreover, the measured value of the focal 

— 'Jj ^fv.LSWiftztl'HiSSrJd'lg Lt position in each sample point of view of 1st row 

$&ft$f\cy -Jr — jjySi'j 25A is stored, and a focal alignment is 

-tL'Sr^ ~—~f "y$\MX ; fi : 5 o performed by open control at the time of 

111 2 (d) !-/ji1"ct 9 C\ # exposure. 
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^^(DAsfcJjft}^- Y^[M](7)if In addition, as shown in FIG.12(d), when the 

^tdii, % 5 51 2 5 E <D-£X&) scanning direction of a wafer is a - Y-direction, 

i]-W\&jy^yy n /^&b LTIKtR all the measure points of 5th row 25E are 

$ fri £> o chosen as a sample point of view. 

[0 0 8 7] [0087] 

^0)Jj^X l rX, % 1 5'J 2 5 Aid By this system, since nine sample points can 

iol^TU"^ If* 9 aVJ^^'C ensure in 1st row 25A, there are many amounts 

$ 5 "/dfc s fn &Hi7^ ^ < IS 15; In] of information and an accuracy improvement is 

LriSJMftf-e^So expectable. 

1 V^^t^-v !J'/ Moreover, since a sample point is one line, 

v—i/ n ^^^JrCfe^ it(d, there is an advantage that management 

^S'ft^^ ; S^^C^ 5 i: l w )#J responsive [ both ] with a unnecessary 

&ti*foZ> 0 -Jj\ % 1 2 5 A calibration can be performed. 

<DV' LT & i <b Id On the other hand, if it measures directly about 

S'+jffi&fj* ') %ri/ b y hviikfc the sample point of 1st row 25A, in order to 

0)b$M(D'iMyt&'U' o tzth\z.-A£fr_ expose the terminal portion of each 

-V'<'tsWM (tyjfey^ yj£) shot_region, the distance (foreflow scan length) 

tflk ^ '^)V—'f y h tmi which should be scanned will get long, there is 

T't h A^t\1fi h h c i tz. , ir inconvenience to which a throughput lowers. 

— 'fy\W\H^0)X\ — Moreover, since it is an open control, there is 

y; x{£ [Kl^tfj^id J: also inconvenience that the check by a 

gftb^k ^ o ^Tfiij i> <fo % C) multipoint focus position detection system 

cannot be performed. 

[0 0 8 8] [0088] 

(H) ^y^^irt'^MWih (H) The partition controlling-forward-reading 

^(?))j-XXli, Ml 2 (c) id method 

w<i"ct 5 (d, p^Tt^ 7 -Y — K 2 By this system, the even-numbered measure 

4 id*t LX7£-&j7\u} ( Y )7\u}) point of 3rd row 25C in the exposure field 24 is 

id Muffle?.} 3$ 2 ^ij 2 5 B nH& also made into a sample point to the exposure 

ftf\0)t\-m&$:Vyy^&h L field 24 as shown in FIG.12(e) at a scanning 

~C MJtyj—fc K2 4f>W$ direction (Y-direction) by making the 

3 £ij 2 5 C U I fflij^; odd-numbered measure point of 2nd row 25B of 

&i^-yy r ^&k~}~Z> c 7 cLt N a near side into a sample point. 

3! 2 £i| 2 5 B&Tftfi 3 2 5 C And at the sample point of view of 2nd row 25B 
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cof* yy"/i«tiJ<i&\;^X, and 3rd row 25C, all the values of a focal 

ytwHcy ^ — ^^{^fSwffi^r^ position are beforehand measured before 

TMLT^C ie»^ f-J£j exposure. 

tetoS^ y After that, balance treatment and filtering 

trV\ W^Mh^^^/^XM^t treatment are performed, a phase lag is 

tt^'/y ffri $P ~C ft?J P £r t? anticipated, and it controls by open control at 

9o UU*j, $5'2yil2 5 B&U^ the time of exposure. 

3 £i| 2 5 C 60 f~ > ^/K&i^otf That is, the measured value of the focal position 

6 y * — ~JJ y*{uffi0)£i$li\£.£i?. in the sample point of view of 2nd row 25B and 

tS LXi3$ , tilf\§U\.tXi\-m£ 3rd row 25C is stored, and the gradient of the 

titc y -A~ — jj 7s{\f$t(D$j^h x scan direction is computed from the value of the 

-V 'V yJjfa # & $ Hj L , M focal position measured on the time-axis, 

)tu#(ix ^--t y)J\\*\(iy y > leveling of the scan direction is performed by 

t f $-jr—y i >WMX y U o „ open control at the time of exposure. 

[0 0 8 9 ] [0089] 

S/c, fi" 2 #ij 2 5 YMSlX^Wj 3 ?ij Moreover, the gradient of the non-scanning 

2 5 C0)^yy;uti{c$3{f Z>y direction is calculated by a least-square 

^^^j^fi^^H+S'Jfi^Vj^bfivh approximation from the measured value of the 

ft -^jfiWirC#.^ 3r-v >Jj\h}<7) focal position in the sample point of 2nd row 

fty^^yjjfao) 25B and 3rd row 25C, and leveling of the 

is^V y^&X-'-yyffl'MX'U' non-scanning direction is performed by open 

9o ft$ifrt!:(r>X\ W$\l\]$tiX<D control. 

¥-&}ikh"U1£XfoZ) 0 itz s Since it is pre-reading, a balance on a time-axis 

2 £ij 2 5 BRTJ^h 3 #ij 2 5 C co can also be performed. 

vyVw^ivifcit S '7 # x Moreover, the measured value of the focal 

{vjS^)5'f ffl'Jfi^KSit LT & # , position in the sample point of view of 2nd row 

ffiftRlflzy -a—Jj x f^^-tt^x}- 25B and 3rd row 25C is stored, and a focal 

— y c 'y f W0Xii 9 C ftjo, 121 1 alignment is performed by open control at the 

2 ( f ) i^/l<i \t 9 {c, !>:t.^ time of exposure. 

(?)X*-yy)j\n)fr-Y)j\u}Xfo In addition, as shown in FIG.12(f), when the 

S^-frWi. ^y^Vu^rt^jl 3 scan direction of a wafer is a - Y-direction, a 

£|J 2 5 C^C^|f>4 £ij 2 5 D(7)ii|- sample point of view is chosen from the 

S'J^/^CojSiW^ix^o measure point of 3rd row25C and 4th row 25D. 

[0 0 9 0] [0090] 



9/26/2003 



67/93 



(C) DERWENT 



JP6-283403-A THOIVISOM 



DERWENT 

Z (VjJ&Xlt, 2 2 5 B (X By this system, since 2nd row 25B (or 4th row 

f±2B 4 ^"ij 2 5 D) ?A r £)ty 4 ~ 25D) is in the exposure field 24 adjacent, while 

}V K 2 4 (I LTV^Ttfc, being able to lessen foreflow scan distance for 

r>in/Nco^> 3 v Mi^?>i$S> exposing the terminal portion of each 

(^M^i-ty 0 fctf)(D$h£:7-5"Y shot_region of a wafer, there is an advantage 

'J? t£ < X% 5 1 4tCi, that responsive management can be 

j£#W:gdOT.jOS-C£ Z 1 1 w ) *J performed. 

,ft^£>S () Sg^tH^pCD^Ti 3 Moreover, the check of the result of having 

#J 2 5 C <D+)~ l/'fjv&x y -a controlled the exposure side by the open control 

^*^{v:i&-COiil'fflWid^, $r-~ can be performed from the measured value of 

y'yMWXMjtiki^WM&'U'^ the focal position in the sample point of view of 

fzffi&(DM$?f<^tfcxhZ) 0 — 3rd row 25C at the time of exposure. 

^ 2 ¥\ 2 5 B o^^yyy 1 On the other hand, there is inconvenience that 

X(D y -a- —jj 'Miffi. the calibration of the focal position in the sample 

t^'//^t<7)7^-*^{i/:i point of view of 2nd row 25B and the focal 

t <D*r -v y y V — i/ i\ position in the sample point of view of a 3rd row 

Xfo'6 t *) ^'Slip^fc6 ;) is required. 

[0 0 9 1 ] [0091] 

ttz, 'M^9c&fyffl'MfcX*lis Moreover, by the perfect 

Ml 3 (a) ~ (d) jC/F-t'ct controlling-forward-reading method, the more 

Mytfflikn, M^t^RlfM exact auto focusing and the auto leveling 

M&THWiiV) y * — xWM<0 control are performed as shown in FIG.13(a)-(d) 

*y>~7 }\k%:'$i7L%> d ti^cto by changing the sample point of view of under 

X, X v ) Yy-A- — fJ an exposure start and exposure and the focal 

^JilW"^ h ^^"jy ^fliffi §r position just before the exposure completion. 

froTl^So Wh, M 1 3 (a ) That is, when shot_region SA which should be 

J; 9 iz, ggyti"^^ i/ 3 exposed arrives at the position of a spacing D (it 

v V iifi^S A^S)tV^ —fr K is the same as the width of the scan direction of 

2 4 L-CfajRMD (MKy 4 the exposure field 24) to the exposure field 24 

—/VY 2 4a)^-\\l/fjfi)0^ti as shown in FIG.13(a), measurement of the 

t P O o^\t\Sjz.y^ Lti t £ focal position by a multipoint focus position 

'MJt'J 4 — ^ K 2 4 ^^jPnll^D detection system is started in the sample area 

0)*yyy"M$k% 4 2 ~C£,tt ^ ~Jr 42 of a spacing D from the exposure field 24. 

~% MiLgtWti&^kZ? * — An example of width D, i.e., the width of the 

1j ^{\LW.V)ii'M'fr ; FMkn£'fa&o scan direction of the exposure field 24, is 8 mm. 
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feD, BP tj$£-Jt ~? 4 K 2 4 After that, when the leading end part of 

o^y,^-^^Jj\u](/)iMO) -ft'ijfis shot_region SA contacts in the exposure field 

mm'efc?) c ^(7.)ij?l 1 3 (b) 24 as shown in FIG.1 3(b), the leveling control of 

H/jil'ct i yn y V$SiM§ the scan direction is performed based on the 

A0)9ui f \iuitfy/S*M) l Cy ^ — K 2 measured value of the focal position in the 

4 (cfe^frfc L/'i <b £ f>ni/N |; detection region 44 between two sample points 

(D 2 W^^yyVu^ftil^jtMife'E of view on a wafer, an auto-focusing control is 

4 4 'Qcoy -A~^'iJ yiiLW^iY(% performed based on the measured value of the 

ii£(c)io t ^X x -V \yjj\u\(n\s focal position in the detection region 45 which is 

-< ] J > ^Ui$i) v U'hxi, 1 poo made of one sample point. 

^yy°^^x^)^6mim4 5 

'Ceo 7 * - # x{t 5+ ffliJfiSti 

I 0 0 9 2 J [0092] 

1 3 ( c ) (w7]<-|~ J: o Next, when the leading end part of shot_region 

^> y :y h utfJijJc S A cOytSf/inl) SA goes into the exposure field 24 as shown in 

^I)t7Y^ K2 4CAo/: FIG.1 3(c), the leveling control of the scan 

t £ <>^>>»_hc7.:> 2fFi|cof-y direction is performed based on the measured 

y'VUA 1 X|H]^t^!iiin!c4 4 X0~)y x value of the focal position in the detection 

^^^{v/i6y^»l'?]Wfi£}cAi;-<5^"C region 44 between two sample points on a 
~A3\~-X' yJj\\t](D 1"< ] J > wafer, an auto-focusing control is performed 

Wxfofo, 2B](D^y://u^\l\] based on the measured value of the focal 

(DfflHHttfll 4 5X*0)y * — jJ xivi position in the detection region 45 between two 

ta^^-tnjJiii'ii-iftoi/ :t— h "7 sample points of view. 

Jr — jo y^MWMl Svt, Moreover, when shot_region SA comes to cover 

N 13 ( d ) iz^i'l: r> •> the exposure field 24 as shown in FIG. 13(d), it 

a 7 h p/itjic S A/j^'7t*7 -r — /L- is, the leveling control of the scan direction is 

K 2 4 o X v (c/jro 7t t # performed based on the measured value of the 

l-t3^ -Y — ^ K 2 4 £rfg focal position in the detection region 44 which 

0 f&fflJiic 4 4 'Ceo "7 — 1) 7s{\f. covers the exposure field 24, an auto-focusing 

E^'nlllWffii-At^i/^C^'Y-^ y control is performed based on the measured 

c7) y >^ r|!iJ^^^T ?^ value of the focal position in the detection 
-y — ^ K 2 4 £rf5e region 45 which covers the exposure field 24. 
l£,T,iijJ(4 bXor7 *-XM<fM 
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— ftWfaffcfyWMfc'Ch* On the other hand, the more exact auto 

1*1 1 3 (e) — (h) (C/j^fJ: focusing and the auto leveling control are 

UW&Mu Mjt^RWM performed as shown in FIG.13(e)-(h) also by the 

fWW^y * — i) xfv.fBy;) partition controlling-forward-reading method by 

-$*yy t t\>'}\k%:'$tx_%> ;i(;J:o changing the sample point of view of under an 

"C\ J: 0 IE#.^^~~ h "7^- — exposure start and exposure and the focal 

xjbkX$$~— h l"< y y JffflMfc position just before the exposure completion. 

tioTV^So N 1 3 (e) That is, when shotjregion SA which should be 

M>-^i~ J: 9 M^t^^^ y a exposed arrives at the position of spacing D / 2 

7 hpj#$S Ati^Jty 4 — ^ K (1/2 of the width of the scan direction of the 

2 4 ^AfrLTUHRSD / 2 exposure field 24) to the exposure field 24 as 

:7 >f — /u K 2 4 <£> x -V -v y J; In] shown in FIG. 13(e), measurement of the focal 

0)+M<£> l / 2 ) <7){£[£!-i!l! L /t position by a multipoint focus position detection 

k&<z, Myc y 4 K 2 4 fa system is started by sample area 43B of 

bftMWWMD/ 2 (D^yf/v spacing D / 2 inside from the exposure field 24 

1M*Jc4 3 ASt^)t7^^K to an outer side from sample area 43A of 

2 4 fi*h\HM\^MD/ 2(f)y- spacing D / 2, and the exposure field 24. 

y~/M&$. 4 3 B'C#^"7^~ After that, when the leading end part of 

^7f/;iH^,'li;f^i 4; 7) y-^^-jj shot_region SA contacts in the exposure field 

xtfrA&cD3WW\MtHtSti~6<, t 24 as shown in FIG.13(f), the leveling control of 

cOf£, \y<] 1 3 ( f ) }vi/7<i' J: -) the scan direction is performed based on the 

[z s y-a y V ni'tteic S A<7>fci"KitfK measured value of the focal position in the 

NHfiyty -i K 2 4 Jeofail L detection region 46 which covers the exposure 

/" t d B5?.)fc7 ^ —/^ K 2 4 field 24, an auto-focusing control is performed 

£^^^(±5^(4 6t<?)7t- # based on the measured value of the focal 

7f/;{S"C0ill 'UWiA^&^^X position in the detection region 47 which is 

-V y~h'\Ho;) y-< y yViWM^m made of one sample point of view. 
frtx, 1 ^}oy\yy-f/\/&k <o ft 
6$Mii$4 7W7t-/Mfi: 
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Ikt^s 1^1 1 3 ( g ) jw/rii"4: o Next, when the leading end part of shot_region 

, is a y Y r&Jjglc S A 60 5fci{Bnl5 SA goes into the exposure field 24 as shown in 

ifi'MJty << K 2 4 Ciifel)/ FIG. 13(g) only in width D / 2, the leveling control 

2 fcltAo"/: t % iz^ 4 §&yt7 A of the scan direction is performed based on the 

— ;V K 2 4 9 t^thtejc4 6 X measured value of the focal position in the 

o^y * — ^{\l^\0)tVM$L\X& detection region 46 which covers the exposure 

^VT^-V -v > y'/lf'J^ l/^< y > field 24, an auto-focusing control is performed 

^S'Jt^^j^rL, feU/2co^ based on the measured value of the focal 

ttiJ$4 7 X*<Dy x — Ji *{\fM<n position in the detection region 47 of width D/2. 

iil'?fliJflft(^S<5^ ^"C^*— h 7 Moreover, when shot_region SA comes to cover 

iJ *W$1£'li'foiiZ>„ %t^s VA the exposure field 24 as shown in FIG.13(h), the 

13 (h) {*i/~j<~4" J; -) id, y z\ leveling control of the scan direction is 

y Y !?£4fcJcS A'/f^M^ty -f — K performed based on the measured value of the 

2 4 £rgj 9 J; 5 iztz-otz t focal position in the detection region 46 which 

(i, Mity 4 — K 2 4 &r?S 9 covers the exposure field 24, an auto-focusing 

$eiliftjc4 6"C(7.)7t-^^f/:R control is performed based on the measured 

<D*\-M\W\^)k^^Xy**c-\' yjj value of the focal position in the detection 

\tt\0) y y yUWMi fotis region 47 which covers the exposure field 24. 

Y K 2 4 9 $M.i FIG. 13 shows that foreflow scan length (= D/2) 

i$4 7 'C<Dy ir— # ^ fv; K co j|- is made to 1/2 compared with the perfect 
$yf[i(^oV""C 'A'— Y y Jr — pre-reading method by the partition pre-reading 

Mtl'Mtf'iWtiZ* m 1 3 4: '0 , method, 

(=D/2) 

[0 0 9 5] [0095] 

..Lili^JfeF'J^JoV^Tfi^ In addition, in the above-mentioned Example, in 

^:^/^orMyt\k\(?)%&0)y order to measure the focal position of the 

7{\)'M^iVM\')^fz tf)!d s 2 multipoint of the exposure side of a wafer, the 

Hk7itihlz.fii$Ht5 titzx y y YVi multipoint focus position detection system 

colffl p/<#~ yf^^r r > ^^±i- which projects on a wafer the slit opening 

^h6'^^ S^^y ~4~--'JJ ^{\L\R^ pattern image arranged two-dimensionally is 

ll\m^mm^hX^6 3 L/j^L used. 
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fctfb* -€:c0f-t^*9 IM^r However, the image of the pattern long and 

-Y ^/yrnll-KllM-^x y y h^i:: slender in the non-scanning direction which is 

^oTl^^^^y^t^ 1 )^ slit is instead projected on a wafer, it may use 

^ht^i^L, 'toi'^x^-Y > the 1-dimensional focal position detection 

jj\tq0)Q{fcO)7 xitiMP system which measures the focal position of the 

q+?K | J"iJ~& 1 VK jzO)~7 t — Jj y^itL whole non-scanning direction. 

Wjfcfti& ; tti l lift] LX & £i v, & Moreover, even when measuring distribution of 

tz s W\\^^^Jj Ao~)y i^ — fj 7s the two-dimensional focal position of the 

{v.fSt^Wy^^ffli/^C, ">-r./Nc7) exposure surface of a wafer using the focal 

Mitun V.(D 2 lkfdty£7 -A- — 13 position detection system of a 

^fiK^)^>^^ilflHjJi-^^^'C picture-processing system, a highly accurate 

t>* V^%M\$\b\ri)WcO)ftW}\: focusing and highly accurate leveling can be 

;K^*$£i§JfhJ~# t !-ct 9 , performed by using the partition pre-reading 

in'Mi&fcy *~-'Jj similar to the above-mentioned Example etc. 

yV Z k'fiXt? & 0 Furthermore, the leveling error of the scan 

&MXlt\x] l 7 J: Ki'A'/j" direction is small to the leveling error of the 

tbX o ^jfy^V-v yJj\\i]<D \y non-scanning direction so that FIG. 17 may 

s< ] J yy&~£\Z-$LX. x*'Y show in this example. 

>jJfil<D l^^y y^lfw^^tS Byjhis, it may operate leveling of only the 

b^Zkfahs 7. ~Y -v y)j\U\(D v non-scanning direction, without operating 

s< ] J y '/MiV-^tTi' 0 Z. k 1£ < , leveling of the scan direction. 

#*3r-v yjjfaoy^o) y y 

[0 0 9 6 ] [0096] 

>^?gtM{:i±iE^Mi^Jt-Pfi In addition, this invention is not limited to the 

Ail£tt1\ 4^IPJJ^l! : n £i&JI# above-mentioned Example, of course, various 

L^t v $Q|fflTM ^^)ffi/S^iiy 0 composition can be taken in the range which 

Vih^L t^JfimXh^o, does not deviate from the summary of this 

invention. 

[0 0 9 7] [0097] 

WJJ^j^] [ADVANTAGE of the Invention] 

M$fcty\o)W> I WdHteKSc^lS^iS According to the surface positioning apparatus 

\z X ni;£\ ^'JyM A"- -\* of this invention 1 , in the projection aligner of a 
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%h'^(?)¥x&M^}M\%:{^&^^ slit scan exposure system, the error by the 

~C\ ^vt^lS^^^i^tyJii^ # convexoconcave of the surface of a 

^m+JH'J T'£k<D?A'M%ri'IiZs /; r!^fi'if photosensitive base plate, the measurement 

h ^tJ; Srt°/f:^rMil: accuracy of multipoint measurement means, air 

^.)t^lfeco^^nn^fx^)t'7 : ^ fluctuation, etc. is amended, there is an 

0){ikW\i^tt LX^H&tlfjjiC advantage with which the exposure side of a 

ri^lirS t &X £ Z> $iJ^/j^ h photosensitive base plate can be put together in 

'6 0 parallel with high accuracy to the image surface 

of a projection optical system. 

[0 0 9 8 ] [0098] 

JSfJitflJ Moreover, when the photosensitive base plate 

^r-y^^Ltiyttt^i' is scanned through the base-plate side stage 

^^ft'CV^ t ^ i-s Sfefll'J^ and multipoint measurement means sample the 

y~-'iyO}{\fM&W^W}^-^\% height of the photosensitive base plate in two or 

tUlz&i'f &l$yt2l£$i<D\\h ts *rf" more measure points by the datum reference of 

yy° ] J y Jfi'&Wtrti^lik, J: v ) the base-plate side stage, the tilt angle of a 

Mffi)J<\Zfc&.)j\lti<D{$$£1ti&ii)? scanning direction can be measured more with 

$»1T*#S 0 high accuracy. 

#\ r)f ^Jf^^»!!fi^^i^c t Moreover, multipoint measurement means 

■jftf-'^H^ LX M£tt:Myt)&i$L In two or more measure points which are made 

fto^&tD&RXF^oiMktiffi of two or more points in the area of the 

)tf&$c^l-x^ LT^Tt.S^R^/t' foreground at the time of a photosensitive base 

iS£ix&P;?£(/) Pnii^fii'I^rt^^U plate being scanned to the inside of two or more 

'jfcoitiX V t£&%£W<?)atMtiMZ. points in a conjugate light-exposuring_region, 

fcV^T. %0)r&yt&M0)fti&%: and the conjugate light-exposuring_region of 

%ti^fc?A'M'i~%%nu'\zi\i s 5> those about the illumination area and projection 

'M^Tc^MW } iC X K) , 'M$t<DYfft optical system of a fixed shape, in measuring 

ffc^<Dtyifcx*v>WMfcfaW\ the height of the photosensitive base plate, 

X S#J,ft;5><fc<5„ respectively, there is an advantage which can 

shorten the foreflow scan distance at the time of 
the start of exposure by partition control by 
forward reading. 

[0 0 9 9] [0099] 

%fiJ\1M-^&fr\ Moreover, multipoint measurement means set 



9/26/2003 



73/93 



(C) DERWENT 



JP6-283403-A 



THOMSON 

DERWENT 



ffi© 1 ogo*>hi y hWM^lWx in the process which exposes the pattern of a 

^ c7)/n^ — y^Miti^M mask in order to one shot_region of a 

feM&l^'C, \Wk^^kC0\)\'MP^ photosensitive base plate, when changing the 

oMvM&&{k& & & IJkfi'l^fo^ position of two or more measure points to order, 

i^x.lS / ^P\9c})t'^ t Tu^.^tfx^ both leveling accuracy and a throughput can be 

t £rfjf-/fJ1"'5 C t MJ; V s y^ improved by using together for example, 

'J y JfWl&TkTfx /is—'? y h %: partition pre-reading and full pre-reading, 

^-[& v£i~5 d t fcVt 6 0 £ Moreover, according to the surface positioning 

fc%W(D?K2 0>M{fMtiSt7& apparatus of this invention 2, it sets to the 

i^fSf^ 7 h^'^-v projection aligner of a slit scan exposure 

yMjt^^^^Mjt^'.^is system, the error by the convexoconcave of the 

^'C, ^)t^te^^rfn^lll]il2js surface of a photosensitive base plate, the 

4fr&?i\'M\ Pfx^Hl"ffly^H/3<x 'HH measurement accuracy of multipoint 

b cF 0£ lc J: 5 ffi it-. L measurement means, air fluctuation, etc. is 

T, l^it'MRo^^yt^o^y -a-— amended, there is an advantage with which the 

1j MiL\^^6%'f^(Di%\^{i focal position of the exposure side of a 

it LX iHffifei^-u t>1t& - t photosensitive base plate can be correctly put 

^Sf'iJ/^&So together to the image surface of a projection 

optical system. 

[m^W^mn] [BRIEF DESCRIPTION OF THE DRAWINGS] 



[\n I I [FIG.1] 

>fcffity\^£&[hii\YM'&7£^\&0) It is the block diagram which shows the 

—&MWfcW\iiStifc& r $$y(: projection aligner by which one Example of the 

^v£&^*ffih%\x\X*foZo surface positioning apparatus by this invention 

was used. 

[|*|2] [FIG. 2] 

(a) \t%m\m^^X\^X (a) is a top view which shows the 

*t-7&1[Z.£ &'M-Jty 4 K£rfJ two-dimensional slit opening pattern image 

t?W$L\^&UiSiitz2ykjttt : }t£ projected on the area which includes the 

x y v h^^Rrl t — y{%tt exposure field by a projection optical system in 

^i"'l ; *ifiil*k (b) \k%,}\iy an Example, (b) is a figure which shows the 

^^fiiSj^ili^c?)/N^ — y)\$$L opening pattern on the pattern form board 
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ft-L^DDF] n/^ — y &>]<^~M, forming of a multipoint focus position detection 
( c ) fl'X) 1 ^ hc^S^i 1 ^ system, (c) is a figure which shows the 
iE^J^^'f l*i~Cfc<5e sequence of the light receiving element on a 

photodetector. 

[[23 3] [FIG 3] 

( a ) {i^lM^VC^M^tc'^^ (a) is a figure which shows the sample point of 

tr o %i {j(D-y- ^"f^tiJk^'Y view in the case of pre-reading partition in the 

1^ (b) Hi^^J[M]i-^'VA r y~f~ Example, (b) is a figure which shows the 

a" "C H.o^ffilTt^c^&'fr y sample point of view in the case of pre-reading 

$ftoy*)*>7 r ^&'&7F''f\x]'Cfo partition when scanning to a reverse direction. 



4 ] [FIG. 4] 

(a ) (i*7^-^-^/xfiiK*r i 5ti)E (a) is a figure which shows the case where a 

Jyt&tyn-u £r^1~[*U (b) fiyfc focal position is pre-read, (b) is a figure which 

!Bc^ Lti'7 Jr — fJ .*{v:f5£JW^ shows the case where it exposes using the 

"Cfi&'jfc&tr v Wj'n%:^<'i~MX*&> focal position which pre-read. 

& o 

[No] [FIGS] 

'Mtki$\0)~A'— Y~? — % *>}kX$ It is the block diagram which shows the auto 

V v^tifS^I/i^^ focusing, the auto leveling mechanism, and its 

(t)U%U%n^-ffih%\%\'Qh&« control part of an Example. 

[[216] [FIG. 6] 

~7ti~jj ^i±Lffio)tV&Mt(f)h\\iF. It is explanatory drawing of the calibration 

JjfccoMWlxl'C'fo&a method of the measured value of a focal 

position. 

[1*1 7] [FIG 7] 

( a ) flii>1£J73$£^ v 7)5 l 0 1 1 (a) is a figure which shows a transfer function in 

z (D^£0)fciM\M^&>Fl'\x\^ case response frequency (nu) is 10Hz, (b) is a 

(b) (iN 7 (a) <?){iziM\*l$k figure which shows the position function 

£rii£y— V ^MLtjiK^tf: obtained by carrying out the inverse Fourier 

fiKKJ^^/H^ljTffcSo transform of the transfer function of FIG.7(a). 
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[El 8 1 [FIG 8] 

(a ) liP^i"^ i^a v (a) is a figure which shows the tracing of the 

^^Jt&'ii 1 §k-u<D r>^/N(/)i|iiL wafer in the case of exposing to an adjoining 

tf$^/T<i~gh ( b ) (i v-f-y fro} shotjregion, (b) is a timing chart at the time of 

/t^Rvpc7.) $ 4 x > ^/f- -y — I- N the scan of a reticule, (c) is a timing chart at the 

(c) lt$-r-^<Dfc&M<?)#'( time of the scan of a wafer. 

[N9] [FIG 9] 

( a ) UMjtitLiftMWik'C (a) is a figure which shows the flattery accuracy 

U yiflkUy* — # v^^^rt? in the case of performing leveling and a 

0 & (?) i6 t£ %n & 7jk , focusing by an exposure position-control 

( b ) li9c$&fyfflWfc~C y method, (b) is a figure which shows the flattery 

l/t7]kT$*7 3r — jJ i/y^&'ljo accuracy in the case of performing leveling and 

^'ft&)}iiVttnlSZ£X<')~MX*&> a focusing by the controlling-forward-reading 

& 0 method. 



[(Ell 0] [FIG 10] 

( a ) ttSRftfft l&MWfc&iiim (a) is a figure which shows the calculation result 

Ltz%zft(D\\\\& 9 s<9 / —9 V of the error parameter S with respect to the 

(-»'i~<5r&)£^y ^ — ¥ S conl" deflection parameter F at the time of using an 

Vi%n%.&^~$~\A^ ( b ) \1i l }t»>iH exposure position-control method, (b) is a figure 

ffiWic£{£ffl \^tcMiSQA\\1f> v ) which shows the calculation result of the error 

s<y / --^ ¥ {cMi'^iiifc/^y parameter S with respect to the deflection 

/ — 9 S (Jn\^ti\%.~fc7\^'\A~Q parameter F at the time of using the 

fe&o controlling-forward-reading method. 

[1*1 1 1 ] [FIG 11] 

(a) M$ (b) H9cM^m (a) And (b) is explanatory drawing of the 

j&fwJ ft 5 ^-^)it9))^o^iM\ balance effect in the controlling-forward-reading 

Ms ( c ) RTf ( d ) liMfcivM method, (c) And (d) is a figure which shows the 

rfi'J tffl & t j : 9 $kf\<D y — # 'A ifif focal surface in the case of performing 

£r>j<i"l2L ( c ) ( f ) rt.5t exposure position control, (e) And (f) is a figure 

M^MM^U' 0 ^Mu'^y t^'Jj which shows the focal surface in the case of 

X(fcj&7j-i-£~| > ;X|~cfo& 0 controlling forward reading. 
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[fell 2] [FIG 12] 

(a) (b) rtMMtL'&m (a) And (b) is a top view which shows the 

M'fe^ J" "5 Wj"n$) "7 ;* — ^{v.iS sample point of view of the focal position in the 

c?) y y° )\> & 75 i~ >}'- [ftj [g| N case of performing exposure position control, 

(c) (d) (c) And (d) is a top view which shows the 

fc'J$]£rtj' o Wjr\0~)r7 x — jj xfi sample point of view of the focal position in the 

ftO^-tyy TVw^Sr^l "^ifiil&K case of performing full control by forward 

(e ) &T>* ( f ) ii^'^lvt^^ reading, (e) And (f) is a top view which shows 

M'MfcU o %kr\ o^y -a- — 1j xfjfc the sample point of view of the focal position in 

i^(7)^y yVi^A^^r^j^l'^-LfiiN'C the case of controlling forward reading partition. 

[111 3] (a) - (d) H'j£& [FIG. 13] 

9zhV^MW<£XM%'£tl 1 %kfi (a) - (d) is explanatory drawing of the method of 

(e) — (h) controlling in the case of exposing by the 
\'i5YM%W^MW(£cQUX perfect controlling-forward-reading method, 

o &fi<DM'$UiO>$LW\x\X*fo (e)-(h) is explanatory drawing of the method of 

5 0 controlling in the case of exposing by the 

[Kl 14] partition controlling-forward-reading method. 

( a ) \±-$m%*'fT v lMft<D [FIG. 14] 

y ir — :Jj ^nU^-^T<i~l^k ( b ) (a) is a figure which shows the focal error in the 

y y h 7- '\ *v yM^tJj^X case of exposing a package, (b) is a figure 

Mit-t'ii i^kQcny * — which shows the focal error in the case of 

/£:&^i~[^I"Cfo£o exposing by a slit scan exposure system, 

[[*! 1 5] [FIG. 15] 

( a ) \tt\M\\tio^&k\$ibxk'h (a) is a figure which shows the focal error in the 

i\fit £rffi^T>i~— b'7 si~Jj x case of controlling an auto focusing using the 

fti'J^&tT o ^ff(Dy Jr — #7f& maximum value and the minimum value of a 

M*>h"lh*k ( b ) (ig*f-?flijffiw^ measured value, (b) is a figure which shows the 

ifyiuX&Hil^XJr-' Yy :A- — jjy focal error in the case of performing an auto 

&rff 9 *Mi$V)y A'-'jJ y*^£:& focusing using the average value of a measured 

'jii'"H, (c) ftH$|HjitfnHft^f>*r value, (c) is a figure which shows a time-lag 

w^Mxl, ( d ) !;±-^—7^7V y<D error, (d) is a figure which shows change of a 

'&4k&iF-f\x\-efoZ 0 servo gain. 
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[1*1 1 6 ] [FIG. 16J 

v Y^oy^%y << — K"C It is the top view which shows the state of 

#^^±co> / a y performing exposure to the shot_region on a 

-ytfcft 9 ikW.&^i'"Y-\fn\x\Xfo wafer in a slit exposure field. 

[0 17] [FIG. 17] 

( a ) ri* -V-v W/hV^ftSJSJ (a) is a figure which shows the calculation result 

&&kl\ : -X*-Y>')7\u}V)I&&i# of the error parameter S with respect to the 

Sr^L< L'Cl/^U deflection parameter F at the time of making 

^ij^^fro/t^^^iftd 5 ^ <^:7 equal the response frequency of the scan 

— hMi^y^y / — direction, and the response frequency of the 

9 S <7>lTl*3£^J££/7<~^I2 N ( b ) non-scanning direction, and controlling leveling, 

(I* ^^Tlfi] W^'^KfficSr (b) is a figure which shows the calculation result 

^h* AM^>yi^O/^^|S]^f(J; of the error parameter S with respect to the 

v )^< LTU^Dy '/MM Srt j deflection parameter F at the time of making the 

o/c^i^c/)fft/j^ '0 /<y -/ v response frequency of the scan direction higher 

'^M'^^^i^y^y / — 9 S cojt* from the response frequency of the 

^J55l*Srw<i'|Sl*CfcS c non-scanning direction, and controlling leveling. 

IN l 8 1 [FIG. 18] 

(a) rty^ — jj xftLilt<DW-i£} (a) is a figure which shows the state of 

#;£rffl^"C^"— h y -4- — jJ xftj controlling an auto focusing using the average 

$P£rff o ik'f i M / t>^'t\^\^ (b) (i value of a focal position, (b) is a figure which 

7 * — % ^ftM(f)&X\i\Xlk&hk shows the state of controlling an auto focusing 

/H&(DW'tyWi& Hl^^X Vy using the maximum value of a focal position, 

^~-#^i1jffi£rfj' v and the average value of the minimum value. 



1 9] [FIG. 19] 

( a ) I'XM 17 ( a ) vr&IBte (a) is a figure which shows the calculation result 

&\,^X & lzY'&Jik9&nv*— h of the error parameter S with respect to the 

y :A~ — 1j y ffjij $J £r 1? o tz%&-&0) deflection parameter F at the time of controlling 

t~tt V '^M'T^^A an auto focusing by balance treatment further in 

&'<y SoyftmbR&Tv: the state of FIG.17(a), (b) is a figure which 
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1121, (b) f±|x] 1 7 (b) (Dik shows the calculation result of the error 

tit^fcl^CJg^^^— -Jj^ivM parameter S with respect to the deflection 

(D^ki[KIkl^S[A^W.co^>)i\K^: parameter F at the time of controlling an auto 

J-H^T^— h y $~ jj x t '|}ij$(l£r focusing using the maximum value of a focal 

fjofcJj^cDili]^ ^ *^y * — $ position, and the average value of the minimum 

F ^Wi'^mfc^y ^-^Sco value in the state of FIG. 17(b) further. 

[020] [FIG. 20] 

V(±M(D7>7~ y/<~lz&bj & It is the block diagram which shows the 

y -A --"JJ x{nM\ : ikl\\Wz'4:7t<i'fflY multipoint focus position detection system in the 

fi!cl*l"CfcS 0 conventional stepper. 

[02 1] [FIG 21] 

(a) Itm 2 0 :r.Jo^Tft^7t (a) is a top view which shows the 

i: Z>$&%y 4 — ^ K£r£f two-dimensional slit opening pattern image 

t?\W$c^¥x&£tifz 2 #C7nfi<j& projected on the area which includes the 

y- V v KlX'COfjtll \s<-9 — exposure field by a projection optical system in 

^1~t : 'ffnl*U ( b ) { im 2 0 <7)£ FIG. 20, (b) is a figure which shows the opening 

&y -t — 'Jj x{)fM$ltt*i&<D/ < & pattern on the pattern form board forming of the 

— yMf&^LAi^rM ns<9 — >%; multipoint focus position detection system of 

w^im (c)llN2 0^$S FIG. 20, (c) is a figure which shows the 

I:^^7t^i L Wrtd?y^/j<1'[«I"C sequence of the light receiving element on the 

h 5 o photodetector of FIG. 20. 

[ft : ^>vmW] [Description of Symbols] 

2 £:r./N Y%\\MW)Xy L ~ i? 2 Wafer Y-axis actuation stage 

4 Z y > ^ x t- — 4 Z leveling stage 



5 ^7^/ a 5 Wafer 



8 8 Projection optical system 

1 0 )V\fM))'y z r--y 10 Reticule Y actuation stage 

1 2 u^^/u 12 Reticule 

2 2 A -kffiijfa^ 22A Main-control group 
2 4 x y ^ F VtvM-yt y <>( — 24 Slit exposure field 

^ K 62A Pattern form board forming 

6 2A sS# — >Mi$tiU 69A Photodetector 
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71A Signal-processing apparatus 
AF11-AF59 Measure point 
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[FIG. 1] 
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22A: Main-control group 
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The scanning 



[1*14 ] 



[Fid 4] 



(a) 



258 ,26 



x ? 



Ai-'OL. Y J 




AK(X,.Y.) 



./26 




(The non-scanning direction) 
(The scanning direction) 



[112] 



[FIG. 2] 
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Scan 



[12 6 J [FIG 6] 



(a) (b) 
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